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. Background of ith«> TnUr^^-^^^ 



b.<vu:.oJ. tr. ■ '5?.^^^^^ retroviral .-protease 

~.;c' ,r.. * i therewith^ Including 

'tib -t^/j^^^i!^^^^f^^^^^^^^ st^es associated' 

ilj^ v^=t withik' tke fily ; 

■LMcy?^'^^r^?>r^-^^^- "'^i^fesVwhich tran^oit' their 

J. ^^S^'lHp^®'^^ !S'=¥«* l^^^^e^ than''' " 

RNA-tjmor viruses,. 
i^ori-,:,o^i£^?^^,^ )^?^?f^^^°^^^^^y^^ 'wide range of' • 
:u -. J ^.^^Klfr? c^^^ " are ''believed to be the 

.a .1° .: I. ^^"f HFr4^®2 r^H^f^jr^ . /"i F^^^^^^ 'associated ~with 

muring ' leuk^ia virus 
i-^. D. ! ' ^^t*^^,' t (WMTV) , feline leukemia 

, ,. yif^f,.^<F^y) V >x>vdLne' leukemia* virus (BLV) , Masoii-Pf izer 

.mv'in '^^i^O*^'^^^ -^^i!^^ f ^ vii^s (SSV)7 simian ' 

.,.^ff^^f®^.-f™'?"°°^^^ (SAIDS), human T- 

; r^"!"^i!^%/^^°Pf°f "^^^ hiiman inmunodeficiency 

viW-'(HIV-i-'; ■ 'hiv-2)'; which is the " tiologie agent Vf AIDS 
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(acqiiijred lminunode£lcxency syndrome) and * AIDS jcelalied 
complexes, and many others. Alliliough the pathogens have, in 
many of these cases, been isolated, no effective method for 
treating this type of infection has been developed. 
5 Retroviral replication occurs only in host cells . 

Critical to this replication is the production of functional 
viral proteins. Protein synthesis is acconrplished by 
translation of the appropriate open reading frames into 
polyprotein constructs, which eure processed, at least in 
10 part, by a viral protease into the functional proteins. The 
proteolytic activity provided by the viral protease in 
processdLng the polyproteins cemnot be provided by the host 
and is essential to the life cycle of the retrovirus. In 
fact, it has been demonstrated that retroviruses wliich lack 
15 the protease or contain a mutated form of it, lack 

infectivity. See Katohet al.,vi 145, 280-92 (198S) , 

Crawford, et al. , Virol':, ^^^3f i§9l'901 (1985) and Debouk, et 
al., Proc. Natl. Acad. Sci. USA, 84, 8903-6 (1987) • 
In hibition of fetroviraiproteaser therefore, presents a 
20 method of therapy for retroviral disease. 

The use of isosteric replacemMts has^^^ 
a strategy for the development of protease ir^hibitors for 
Hiy-1. European Patent Applications EP-A. 337:^^^^^^ 357 
332, EP-A 346 847, EP-A 342 541^ 1hp-a'3S2 00^^^ 445 
25 and EP-A 434 3 65 are representative , ^and ■ are incorporated 
. herein by reference. These reiferences disclo^^ dipeptide 
analogs of the natural polyprotein subs t^^^ 
proteases. As discussed therein, these dipeptide analogs 
bind selectively and "competitively to^^retroViri^^^^ 
30 however, the protease is unable to cleave the carbon-carbon 
bond presented to it instead of the s'cissile of 
the natural substrate. Thus, such corrqpoimds are useful for 
inhibiting viral replication, by inactivat ion of the protease. 
The incorporation of heterocyclic elements in the P3 • and P4 ' 
35 substrate positions of compounds contaWing a^^ 'd^^ 

isostere has been disclosed by deSolms et aT.V *J- HedV Cheih., 
34, 2852 (1991) . Howev r, these. con5)ounds can be less than 
^ desirable for obtaining optimal drug delivery in mammalian 
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organisms, particularly in humans. Some of these compounds 
can also have a less than desirable serum half-life^ and 
therefore duration of act ion, ^ because they contain amide 
bonds in relatively hrgh proportion, and thus are prone to 
metabolic degradation, hepatic clearance, or other 
elimination mechanisms* r . . . / 

There exists a need for noyel compounds which inhibit 
J^t^^yi^^l P^ote^^ need for compounds which 

possess, desirable pharmacokinetic properties for good drug 
delivery and metabolic stability for good serum half-life and 
duration of action . Such pharmaceutical uses provide 
therapies for retroviral .diseases in mammals, especially in 
hximans, which have been heretofore difficult to treat. 

15 SUMMARY OF THE TrnTRMTTOl^ 



10 



5 

20 ■ ■'^•"^^^ 



The present invention provides "compounds, hereinafter 
represented as formula" (I) ; which bind to retroviral 
proteases . These confounds are inhibitors of retroviral 
proteases a^^ treating diseases related to 

infection by retroviruses. 

The present invention also provides a pharmaceutical 
composition coinprisduag a' compound of formula (1) and a 
pharmaceutically acceptable carrier . 
^5 The present invention additionally provides a method for 

tr comprising' administering to a 
mammal in need theTO effective amount of a compound of 

forxnuli'-m:^'^*^^^^ ^^'^^^ ^'^-^^ ^'-r-:- 



30 V .c a ■ ^ DETATT.EP nF^rPTPTTOKT OP TKrVRTJTTpy f 

^ The* compounds of the present invention are illustrated 
by' fonmila^ (X)': ' - - . . 

35 ■ " ' - ' " ■ 
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R5 

OH R^' 

wherein: ' ■ . oj: ^. . . 

r1 and r3 are each ±ndepmdent.iY%r ^Q^^£^dlicyl, 
5 Q-C2-6alkenyl, Q-Ca-ealkyhyl' or CJ.I'alJcylirsubs^itutecl by one 
' to five fluorine atoms, ' each 'Sptibnaiiy%xii>stituted ^ 
Q is H, C3_6CyclbalkylV C5_6bycl6alki^ 
• R2is HorOH; ' ■^^^-••^•^ j^nr ■ v-vk-vj-f trj 

is r6-NR11- or C0mt?-^CER^VC' ■' ^ 
10 • ■ 'r5 is r6-NR11- or^ RlO^NRll-/^^ - • - sS.w tq«:Tv n:^ 

r6 is n^r9 . • 

X is NRll, O or S; 
; , . R' is Q, Q-Ci_6alkyi or Q-C2-galkenyl; , 

. r8 and r9 are each independently H, oh, tolo,^ NO2, C0R12, 
IS CF3, Ar, Ci_6allcyl-Ri5, or R"(Rl8Rl9c)ni,.; o^ 

fused C2-4alkylener axyl or heteroaryl moicfty; 

Or7, nr7r11 or , an , amino acid 
20 B is cux amino :acid; . ; . . „ / / 

^ ^ A is H,, Ar, Het, RI7 (R"r19c)„,/ .Ai^w; Het-^W or ^ 
,3 ,.R"(R^^R^^C)ia-W, or .phthaloyl each optionally s by 
one to three groups chosen from R^-S or,. Ci-ealJcyl-R^v 

Wis C=0/ 0C(=O), NR"C(«0), SC (=<)), NR11C(^^ S02r 
25 NRIISO2 or P(=0) (0R22); 

r" is H, nitro, Ci-ealkoxy,- Ci.galkylthio, 0(C=0)r2-6^ 
C-0R22, C02R22, CON(r1€)2^ N{r22)2, NHC («N) NH-A, I, Br, CI, F, 
OR3-0, or OH, provided that when r". is J a of the 

carbon adjacent to W, r" is not halogen, or > OH when W is 
30 0C(»=0) or NHCO; * 
R^6 is H or Ci-galkyl; 

Ri7^ r18 and R^9 are independently: i) H, R^-S or 
Ci-4alkyl, C2-6alkenyl, phenyl, naphthyl, Ca-gcycloalkyl or 
Het, each optionally sxibstituted by one to three R^s or 
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■, ri i.; 
i5.Lu.'n-.';;:; 



Rl5_c^,galkyl,.grojips, or ii) .r17 ig as abovcand (rISrISc) are 
joined together to form a phenyl/ naphthyl/ C3-6cycloalkyl or 
Het wring,- or iii):.,R" is as above and Ri8: and Ri9 together are 

5 v is LH,.QCi>6aAJcyl, phenyl , or . phenyl-Ci_4alkyl ; 

CH2X"[ ((CH2)rO)slR26, or benzofuryl, indolyl, azacycloalkyl, 
azabicydo iC7-iicycloalkyl^!or benzopiperidinyl, optionally 
ic p. ioj;. siibstituted^^with .Ci^4alkyl; ; = , : ; 

s is 1-6 and -r is 1-3 within each repeating unit s; 

— :--X".is>CH2/:vO;''-S- or- NH;- .■..3- -o,.^ 

o- R24 ;and' R25 are,i)''Ci^6alkyl; optionally substituted by 
15 OH, Ci-3alkoxy, or N(R»)2r ii) the same or different and- 

joinWd-together to form a 5-7 -meaOjer hete'rocycie containing 
up toltwo additionar heteroatoms selected from NR/:~0, S, SO, 
r xr SO2,. saidiheterocyde optionally substituted with Ci_4alkyl, 
iii) aromatic heterocycle;'; optionally 'substiJtuted -with 
20. Ci_4ialkyl-or-N(R')2;I- ^-'■f:- S'-M.' ' •. \' a>,. 
V •./.R'f...is H or'iCi_4alkyl;«vl' .'i;::'- . , l:^ , a 
X - r2.6 is H,:.Ci-4alkylv C(-0)R27, C (-0)U[ (CH2)„0]nR', 
;p(«0)(0M)2, 'C02R2V:c<-0)Nr27r28, Where M is a mono or • 
1 r -'i divalent :metal: ion, smd U is NR' or 'O;- " ; / j 

25 r27 is Ci-galkyl or Ar, optionally substituted with' one 

. or more i hydroxy, carboxy,^ halo, Ci_3alkoxy nr-j, 

C02R' , S02NR»2/ CH2lIR2;^NR»C0R'-, im'S02R'; 'X" r(CH2) rO] sR' or 
. . :.;"CH2X".t-(CH2)ipJsR';;-^AKo ^ . . -^-^T.- --j rd. A..^^ 

oi.R28.ii.s= H, Ci^galkyl or together with r27 foiins 'a 5-7 
^30 ' ^^meroberea-'heterocycie or - a 6 memberecl heterocycie containing a 
heteroatom- selected from N, 0 and S; "'^ ■ ^ " 

m is 1-4; and 
'ts-l .ia is 0^br:i;"-:'-J ■ ; ^c.;..;: 

or a pharmaceutically acceptable salt thereof. 
>35 V v i Also , included in this invention are; pharmaceutically 
, v •acceptable'^ addition :salts, complexes or prodrugs of the 

compounds- of thisn invention. Prodrugs are 'considered to be 
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i Einy covalently bonded carriers which:*-^r^eleiase^t:he 
parent drug according to formula^ (I) ^iijlxrivo. lit ; 

Fonmila (I) is intended to' encdn^pass: all; unique 
nonracemic stereoisomers which may occur due to the ^presence 
5 of asymmetric carbon atoms! in the cmoieculer^" compounds 
may occur as pure enantibmers ^bf^diastereomer^ * or as a 
mixture of dLndividual stereoisomei:6"J iThd ::def ihitioh of any 
substituent moiety which may occur: merer thcuii once in formula 
(I) is independent of any other : occurrence Combinations of 
10 s\2bstituents and/or variables are permissible only if such 
^ combinations result in stable compotinds ; - ,{ V> 

Compounds of this invention;jwhich^ include/, acyclic dox^ 
bonds may be present inceither the cis , (2) ?or;?trans (E) 
geometrical configuration with^ respect^ tduany ^two 
15. .7 substituents., , ^ r ^i>t? " ..:r^ai^lriff..vO Jio Hi ■ ' 

^: .When X is, ira,. vit , will be;. appreciated J:hati^^ 

^heterocyclic ring is an, ^imidazole: which xcah ,>indergo; 
-\,-: tautomerization. v All tautomeric^^ formst of> tJie ; imidkiole are 

-Within ..the scope of athis, invention ryliy^^ri^yr.;^. rUa 
20 Suitably R^- and r3 are Ci-6alkyl>v. Ar-Ci-galkyl, . '^^^ 

Ar-C2-6alkenyl, Ar-C2-€alkynyl, Ci-ealkyl optionally 
.stibstituted by one to five; fluorine --atoms or i^^ 
substituted in the 4-positioncby ^R23:^^^P3^ferablyc is 
benzyl and r3 is ; benzyl,. 4-hydro3Qrbenzyl^or^tiphenylpropenyl, 



25 : Suitably r2 is^H^v 

^ Suitably ^X is S; or N-R^l. ,:^Prefei%bly;-Xi:is:iNH 
, --Preferably. r4 is CONRliCHR^T^-^i^/)'',^'^^:^^ '"^ ^ 

Suitably r5 is R^O-NR". Preferablj^jR^^is) t-^ 
butyloxycarbonylaminp or isopropyloxycarbonylamino . 
30 Suitably r7 is C^.^alkyl, Ca-GCycloalkyl,. phenyl or 

benzyl. Preferably r'^ is Ci_galkyl.., - Isopropyl^ is most 
preferred. f^- ' y ' ■ 

Suitably r8 is H, Ci-gaUcyl, COR^?, NOa or Br. Preferably 
R^ IS H , " ; . ' - ' ' ■ y ' ■ ' . - , i '/ ^ t :j . ..c-ua "s^? : j • . :t r 

35 Suitably r9 is H,,,N02, .Br, COR12^;,,ct-3> . Ar> CCi-ealkyl or 

Ci-gaUcyl-RlS, wherein ;R12 is H, Ci-galkyl^/ Ar, VoCiLgalkyl, 
,. NH2, ;.aiid r" is OH. , Preferably . r9, is Hy'or ;C0R12. :.. 
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.<!5-.... Suitably B is.Ala or Val. Pr ferably m is 0 and B is 

-'V;i;i absent,. 3 ..r.^ . . .... ' ■ 

Suitably A is Het, r17 (r18r19c) „-w, Aj-W-or Het-W. 
n suitably Rl7, Ri8 and Ri9 are H, or Ci-4alkyl, Het or Ar 
l> . 5 n optionally substitu.ted by one or two Ri5 or Ci-ealkyl-Ris, or 
(r18r19c) are joind together .to.:form a phenyl, Ca-ccycloalkyl 
■■ - or Het.,ring.o v. 

s - . i Suitably W is C=O, 0C(-0),.NHC(=O), NHC(=S),;or SC(C=0) 
suitably rX7(r18r19c,„- is Ar-CH2, ;Ar,.:Het, Het-CHz, 
10 ) Ci-6alkyl,.or,,p3-6<g^clpalk^^ substituted by one to 

threer groups , selected from Rl5 . Suitably ; Ri5 , is , OH . when Ri7 
or (R18r1.9C) are Het or Ar,,Het is suitably quinolinyl, 
. . i pyridyl,.. iini^azolyl, thiazolyl, • tetrahydrothiopyranyl or 

15 Suitably r23 is hydroxy-Ci^^alkoxy, Ci-4alkoxy- t 

i)Ci-4alkoxy/-:or :rrO.(CH2)2NR?*^^^^ are a 

;ru 5- or..6-menibered heterocycle, ;such as morpholino. 
Zn one preferred embodiment W is C=0.: 
' ' A • another; preferred embodiment W is OC (»=0) .f i. 
-20. --nirr In a thiJ^d< preferred embodiment rRlO is Ci-galkylOC (»0) or 
C5-6cycloalkylOC («0) substituted by one or two. OH or CH2OH 

■ ') ■grOUpS..-7W.- -,: ■ ... ' v.... -y- ^; ■ • ■ .,- 

:: :> ;g Representative .compounds of this invention are: 
(2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- ( t-butoxycarbonyl) - 
25 I amino-6-phenyl-N-[l.'-is6propylrl^-{4-aminocarbonyl-thiaz 
- yl) Jmethyl-hexanamide; ■ o- .1 . r .: .: ; = - . . , 
(2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5-; (t-butoxycarbonyl) - 

; amiAp-6-phenyl-NTIl;^-isopropylrl •- (thia20-2-yl) Jmethyl- 
hexanamide; JVC... r-;;v. .. ; 

30 (2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- ( t-butoxycarbonyl) - 

■ ) amino-6-phenyl-N-(ir-.iinidazo-2-yl)methyl-hexanamide 

j. hydrochloride; ' v.T- *. 7 - - I r.. ,., . . .. 

(2R,4S, 5S, 1 'S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 
- ■ I \ amino^6-phenyl-N- [1 '-methyl-l.'- (imida2o-2-yl) J methyl- 
35 . - hexanaunide hydrochloride ;o. .1 . 

(2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (t-butoxycarbonyl) - 

amino-6-phenyl-N- [1 '-benzyl-l (imida2o-2-yl) Imethyl- 
hexcuicunide hydrochloride; 
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( 2R, 4 S , 5S , 1 ' S ) -5- ( caxbobenzyloj^) ajidjib-4-ify<iroxy-N- { 1 ' - 
isopropyl-1 • -imida2ol-2-yl) methyl-6-phenyl-2-phehylmethyl- 
hexan amide; * ■ ''^ --^ -^v vLx^i^jlue^ 

(2R, 4Sf5S, 1 • S) -5- ( t-butoxycaribonyl) ^ihino^4-hydfcox^ [1 »- 
5 isopropyl-1 ' - (4 , S-dimethyl) iinida2ol^2-^y;l] me1:liyl-6-phenyl-2- 
phenylmethyl-hexcLnamide; m ^^ai ot V:*^^-- -i)^ • i) 

(2R, 4S, 5Sr 1 • S) -5- ( t-butoxycarbonyl) amino-4-faydrdicy-N- [1 
isopropyl-1 • - (N * -methyl) imidazbl-2^yl] methyl-6-phenyl-2- 
' phenylmethyl-hexanamide^ -.-^' /l; '*^>i v^^'^:" ii^^^ 
10 (2R>4S;5S,l'S)-5-(t-but6xycarbonyl)amiho-4-hydr 
isopropyl-1 ' -imidazol-2-yl) methyl-6-phenyl-^ 
• phenylpropargyDhexanamide;' ^ > --^H ei:. 0"^ i^-u) 
^ (2R, 4S, 5S, 1 'S) -5- (benzyloxyetKoxycarboh^i) amino-^4-hydroxy-N- 
( 1 • -isoprppy 1-1 « -imida20l-2-yl) methyi~6^hehyl-2- • ^ ^ 
15 phexiylmetJiyl-hexemamide; ' - >V ^ - v^it ^v•f ^srft 

(2R, 4S, SSf 1 • iS) -5- (melAoxycarbbnyl) suniio-^^^ (1 >- 

isoprbpyl-l • -imidazol-2-yl) methyl- 6-phenyl-2-phenylmethyl- 
hexsmamide;^ - iv.- t?.,: -.--,;^; ve;- x^^k;:' nl 

(2R, 4S, SS, 1 ■ S) -5- (ethoxycarbonyl) amino-4-hydroxy-N- (1 » - 
20 > isopropyl-1 •-lmida2ol^2-yl)methyl-6--phenyl-2-pHeny^^ 
hexan€mide; ^ 

{2R, 4Sf SSf 1 ' S) -5- { t-butoxycartonyl) axnincr-4-hydroxy-N- (1 »- 
isopropyl-1 • -imida2ol-2-yl) methyl-6-phenyl-2- {3^henyl-2- 
^propenyl)hexanamide; ."^^"'Xy^^^- .Jj:\a£^f-r: -S- :ME^::K■w^ 
25 (2R,4S,5S,1'S) -5- ( t-butoxycarbonyl) aminb-^4-h^ 

isopropyl-1 • - ( 4-nitroimidazol-2^1) ] metlfj^l^T^Kfeh^ 
■ •■phenylmethyl-hexanamide;-^ - x^^r^vj--^:- •^J^^t/. ) 
(2R, 4S, 5S, 1 • S) -5- ( t-butoxycaxbbnyi j kniLtnd-4-hy (1 

ethyl-1 '-imida2ol-2-yl) methyl- 6-phenyl-2-phehylmeth:yl- 
30 ■ ^hexahamide; '-'-J^-lv a^^-iq-^v.^ r ^p^. ^ .^^ 

{2R, 4S, 5Sr 1 ' S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- (1 »- 
propy 1-1 • -imida20l-2-yl ) methyl- 6-phenyl-2-phehy Imethyl- 
hexanamide; lv : v-^i i .n^Ai:^-:;-- ;;3> r > ^.r^ 

(2R, 4Sr 5Sr 1 ' S) -5- ( t-butoxycarl5onyl) aminor4-hydroxy-N- [1 
35 isopropyl-l * - ( 4-bromoimidazol-2-yl) ] methyl- 6-pheriy 1-2- 
phenylmethyl-hexanamide ; 
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•(2R, 4S, SS, 1 • S) -5- ( t-butoxycarbonyl) ainino-4-hydroxy-N- II • - 
isopropyl-l (4,:5-dibfomoiTnida2ol-2-yinmethyl-6-.phenyl-2- 
phenylmethyl-hexanamide; lb .-. , . 

(2R, 4S, 5S, 1 • S) -5- ( t-bu€oxycarbonyl) amiiio-4-hydroxy-N- fl 
isopropyl-i . - {4-methyliinidazol-2-yl) ] methyl- 6-phenyl-2- 
phenylmethyl-hexanaalde; ; - . 

I ;(2R,:4S, 5S, 1 • S) -rS- ( t-butoxycarbonyl) ainino-4Thydroxy-.N- fl 
isopropyl^l-.- (4-trif luoromethylimida2ol-2-yl) ]methyl-6- 
phenyl-2-phenylinethyl-hexanainide; n . „ . 

• < ^-^"^'^^=«bo«yl) ainino-4-hydroxy-N-methyl- 

N- (1 --isopropyl-i . -imidazbl-2-yl) methyl-6-phenyl-2- 
phenylmethyl-hexanamide ; 

^«°P'°Pyi-l'-(4-carbomethoxylmida2ol-2-yl)]methyi-6-phe„yl-2- 
15 phenylmethyl-hexanaxnide; t = : : 

(2R, 4S, 5S; 1 -iS) -5- (t-butoxycarbonyl) ainlno-4-hydroxyrN- fl 

^ ±sopropyl-i .- (4-methylcarbonyllinldazol-2-yl) ]„ethyl-6-^^^^ 
2-phenylniethyl-hexanamide; 

-(2R, 4S, 5S, 1»S) -5- (t-iutoxycarboayl) amino-4-hydroxy-N- [1 
20 isopropylrl:..{4-phenylcarbonyl-i,„ldazol-2-yl)]methyl-6-. 
phenyl-2-phenylinethyl-hexanainide; 

* o. I (2R;4S,5S,l»S)-5-(t-butoxycarbonyl)ainino-4-hydroxy-N-[l.- 
- .^.xsopropyl-l..- (4.f ormylimidazol.2-yl) ]inethyl-6-phenyl-2- 
pbenylmethyl-hexanamide; 

25 - (2R,;4S;SS;i'S)-5-(t-butoxycarbonyl)amino-4-hydroxy-N-[l.-- 

isoP^opyl-l'-(4-(hydroxymethyl)-imlda2ol-2-yl) ]methyl-6- 
' tphenyl-2-phenylmethyl-liexanamide; 

• ^ J <2R'4S/5S;il.S)-5-( (tetrahydrothiopyrar,-.4-yl,oxycarbonyl)- 

^=amino-4-hydroxy.N- (1 -isopropyl-l •-linidazol-2.yl)methyl-6- 
30 phenyl-2-phenylroethyl-hexanandder ' ' -^^^ r v . , 

(2R;4Sv5S;.irS) -5- ( (tetrahydro-4H-pyran-4-yl, oxycarbonyl) - 
^ - ami„o-4-hydroxy.-N- (l.-isopropyl-l •-iinidazol-2-yl)methyl-6- 
phenyl-2-phenylinethyl-hexananiide; ^ ,r 
(2R, 4S, 5S, 1 'S) -5-r.(4-picolinyloxy) amino-4-hydroxy-N- (1 

isopropyl-i.-iraidazol-2-yi,methyl.6-phenyl-2-phenylmethyl. 
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: (2R,4S, SS,l*S)-5-(t-butoxycarbonyl)aminoMT^ydr6 
isopropyl-1 • -imidazol-2-yl) methyl^6^henyl-2- (4> 4> 4- 
trifluorobut-l-yDhexanamide A^, c.iif;: ' 

(2R, 4S, 5S, 1 *S) -5- (t-butoxycarboriyl) amino-4-liydr6xy-N- [1 
5 isopropyl-1 (4- ( (IRS)-l-liydroxyethyl) -imida2ol-2-yl) Jmethyl- 
6-pheny 1-2-pheny Imethy 1-hexanamide ; :i -^^ i^^^ 
i(2R, 4S> 55/ 1 • sy-S- ( t-butoxycarbonyl) amiiio-4-hydroxy-N- [1 ^ 
methyl) propyl-1 ^- (imidazol-2-yl)-] methyl-6-phenyl-2- 
phenylmethyl-hexanamide;;. .u^-v; tv:^: ^rhf^m^m■-■%:ryW^ 
10 (2R, 4S, 5S, 1 *S) -5- (propylaminocarbonyl) ainino-r4:^^ »- 
isopropyl-1 (iinida2ol-2-yl) ]methyl-6-phenyl-2-^ 
hexanamide; ^ u^v.,,uxvrI:f'W- 7/ vao 

(2R^4Sr 5S, 1 ' S) -5- (4-hydroxybutanoyl) andjio-4-hydroxy^ 
. isopropyl-l*-imidazol-2-yl)metJiyl-6-phe^^ V 
15 phenylmethylliexananiide; ' ' i^a bu. ^:v^v; ■^^i-'^rvavro^j: ^ -v:- h^- ' 
{2R/ 4S, 5Sr 1 • S) -2-phenylmethyl-4-hydroxy-^5- (benzyloxy-- 
carbonyl) valylairdjio-6-phenyl-N- (1 r-isobutyl-1 • -iniidazo-2- 
yDmethyl-hexanamide; : : ; : ivr: -^jntY. • 

{2R, AS, 5S, 1 ' S) -2-phenylmethylr4-lxydroxy-5- (N-acetylvalyl) - 
amijio-6-phenyl-N-{l'-isobutyl-l»-lmidazo-2-yl)met^ 
hexanamide; - v:; • /v r^^.* w.-.,-— <^ --r/ 
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(2R/ 4S, 5Sr 1 • S) -5- [ (imida2ol-2-yl) methyloxycarbonyl] amiiio-4- 
hydroxy-N- (1 V-isopropyl-1 '-imida20l-2-yl) methyl-67phenyl-2^^ 
phenylmethyl-hexanamlde; v ^f:^^: iiY>?;^^ -:!.Vrr:;-^\ vr^^^^ ? 

25 : ; (2R,4S,5S/l*S,l"RS)-5-((l"-(ixnidazol-2-ylf-2«^ 

propylpxycarbonyl) amino-4-hydroxyrN-fl,':-isopropyl-l 
imida2ol-2-yl) methyl- 6-phenyl-2-phenylmethyl-hexanamide; 
(2R/ 4S/5Srl'S) -5- ( t-butoxycarbonyl) amino-:4-hydroxy-N- [1 
isopropyl-1 • - (4- (imida2ol-2-yl) imida20l-2-yl) ]methyl-6- 
30 phenyl-2-phenylmethyi-hexanamide;:':; ; i ^..^.^la- /r -,^-. 

(2R/ 43/ 5S, 1 ' S) -5- ( l-oxo-thian-4-yl) oxycarbonyl) amin6-4- 
hydroxy-N- (1 ' "isopropyl-l»-imidaiol-2i-yl) methyl- 6-phenyl-2- 
phenylmethylhexanamide; . ' .Vv;i -i^ ^^^j ; - vi^ >-- ^ 

' (2R> 45/ 55/ 1 ' 5) -5- ( (tetrahydrosulf onylpyrari-4- = : r- \ ) 
35 , yl) oxycarbonyl) amino-4-hydroxy-N- ( 1 • -^isoprbpyl-l '-imida2ol-2- 
yl)methyl-6-phenyl-2-phenylmethylhexanamide;i^b : 
{2R, 45/ 55/ 1 '5) -5- ( (1/ l-dimethyl-2- (ben2yloxycarb hyl- 
glycyloxy) ethoxycarbonyl) amino-4-hydroxy-N- (1 '-isopropyl-1 
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V , s if|i<ia2pi-2-yl^ xanamide 
, r hydrochloride salt ; ^ > „. ; , , . . . % 

(2R, 4S, SS^ 1 • S) -5- { (1, l-dimethyl-2-glycyloxy) ethbxycarbonyl) - 
' : amino-,4-hydroxy-N- (1 methyl-6- 
:> r.y P^^yl.T2-phenylmethyl-hexanaitddedihyd^ ; 
i C2Rr 4S^ 5S, 1 ' S) -5^ ( (1-acetyl) amino-^^ 
1 » Tlinida2ol-2-yl) methyl- 6-phenyl-2-phenylmethylhexanamide ; 

1 'S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- (1 
c isppropyl-llimida2pl-2-yl)met^^ rv^ 
10 ben2y3Loxyphenylmethyl)hexanamide; , 

: (2R, 4S,5Sr l?S)-5-r {t-butoxycarbonyl) aniino-4-hydroxyrTNr- 
%f: L , isopropyl-l 'ind^^ . . 

> j ) ^h^teoxyIrt^enylmethylXhex . u . : 

: . (2R/4S , 5S) -5- ( tr-butqacycarbonyl) aiaino-4-hydroxy-2- 
15 phenylmethyl-e-phenyl-N- [1 •-cyclopropyl-1 '-imida2ol-2- i, 
^r>i:^.>:;^yl]^^ethyl-hexanaIIdd^ ■ {r-^- . ^ ^ -^u- -u ' - ^ .\ - , : 

; T (2R^ 4S^ 5S, 1 • S),-5-,( (isopropylthiol) carbonyl) -aniino-4-hydroxy- 
r-/ 1 . .2-phenylroethyl--6-phenyl-N-- [l-isopropyl-l • •imida2ol-2- 
orrqn yl]methylrhexanamide; ^xr. vc . ^ 

20 (2R,,4S,5S^l^S)r5-t3-r(lHrimida20l-2-yl)-3-hydr^ ,o 

' j: ) -^^raethylpentylamido] -^-hydroxy-N- (1 ' -isopropyl-1 ' --lTnjiia7ol-2" 

r£-yl) methylr 6-phenyl-2-^^ 
3^<c {2R, 4S^5S, 1 • S) rrS- [ (4-methoxyphenoxy) carbonyl] amino-4-hydroxy- 
N;- (1 • -isopropylrl ' -imida2ol-2-yl) methyl- 6-pheny 1-2- 
25 phenylmethyl-hexanamide; v r 

^ I j - 2R, 4S,:5S; 1 'S) -5-,{t-butylaminocarbonyl) amino-4-hydroxy-N- (1 
0 - >/ isopropylr 1^ -iniida2ol-2-yl) methyl-6-pheny Iraethy 1-hexanamide ; 

(2R^4S,5S,l»S)-S- (methylaminocarbonyl)-; c, >: . n 
• r 1 amino-4-hydroxy-N- (1 '-Isopropyl-l •-lmidazol-2-yl) methyl-6- 
SQj^xiphenylmethylrhexanamide; . r = . 

(2R, 4S, 5S, 1 • S) -5-phenylaminocarbonyl) amino-4-hydroxy-N- (1 ' - 
vq isopropylrl • -imidazol-2-yl) methyl-6-phenylmethyl-hexamide; 
i (2R> 4S, 5S, 1 * S) -S-N-: (propylaminocarbonyl) amino-4-hydroxy-N- 
(1 '-isppropyl-l •-imida2ol-2-yjL)methyl-6-phenylmethyl- 
aSjoul^examide; i ,;^-.v. o.^v--. ri- - - ^ \- ^-^^ 

- :^ - , (2R, 4S, 5S^ 1 S>,-'5- (n-propylaminothiono) amino-4-hydroxy-N- 

( 1 • isopropyl-1 • -imidazol-2-yl) methyl- 6-phenylmethyl-hexamide; 
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- - 12- - ■ . V - . -.v ,-^ . 

2R, 4S, 5S; 1 • S) -5- (isopropylaminocarbbnyl):-amihb^4^h^ 
( 1 • -isopropy 1-1 ' -imidazol-2-yl ) methyl- 6-i>henyijcrieth^ 
■ : hexamide;" - ; : ; ^'/^J .;v . X) (: v^:: . 

■ (2R,4S,5S;i'S)-5-(amijttocarbonyi)a^ 
5 isopropyl-1 • -imida261-2-yl) methyl- S-plienylmethyl^^^ ; 
(2R, 4SV5S, 1 • S) -5- (6-quiholinylmethyioky-car 
hydroxy-N- ( -isopropy 1^1 • -imidazoI-^2-yl>^ 
phenylmethyl-hexanamide; y-:^- --^^ ^■'^-^ ■ " 5-=: i-^' S « ,;r: 
(2R, 4S, 5Sr 1 • S) -5- (ben:^dyiyami£o-4-hydroiy-N- (1 '-^Isopropyl-l 
10 dLxnida20l-2-yl) methyl- 6-phMy3jn^thyl-lierx&^^ 

- (2R> 4S r 5S, 1 • S) -5- (2-f urylcarbonyl) aiid^o-4-hydi:dxy-N- (1 • - 
isoprojpyl-l ' -imida26l-2-yl) me1JiyI-6-pheriyl^ 
( 2R, 4S , 5S , 1 • S ) -5- ( 4-methoxyben2byl> auntiino-^^ ( 1 ' - 

isopropyl-1 ' -imida2ol-2-yl) methyl- G^plieriylHtetliyl^^ ; 
15 {2R, 4S, 5S, 1 » S) -S-benzylcicboriyr) amino-4-hydrb3^-N-^ 

isopropyl-1 ' -ijiiida2ol-2-yl) methyl-6-phenylmethyl-hexamide; 
(2R/ 4Sr 5S, 1 * S) -5- (4-hydroxybien20yl) amih^ 

isopropyl-1 • -imida20i-2-yl) methyl- 6-phenylmethyl-hexsmamide; 
( 2R, 4S,5Sfl^S) -5- (cinnamoyl) amin6-4-hydroi^N- ( 1 » ^isopropy 1- 
20 l'-dLmida2ol-2-yl)methyl-e-phehylmethyl-hexaj^ 
{2R|. 4S^ 5S, 1 • S) -5- (2-hydro3^ben2oyl) amlno^4-^ 
isopropyl-1 • -imida20l-2-yl) methyi-6-phtoylmethy 1-hfexanamide ; 
(2R;4S/5S,l'S)-5'^(imida26yl-4^1-acetyl)^a^^ 
( 1 • -isopropyl-1 • -imidazbl-2-yl) methyl-6-i>h€ihyimiethyl- 
25 hexemcunide; i^l''WUn•i^'h^:ii:'■^^^^^^^^ '<S 

{2R, AS, 5Sr 1 • S) -5- {t-butoxycarbonyi) amin6^4 -hydroxy [1 
isopropyl-1 ' - (4-carbomethoxyethylimidazol-2-yl) ] miethyl-e- 
phenyl-2-phenylmethyl-hexanamide; " - • 3 ' ^ ■ . ' 
(2R, 4S, 5S, 1 • S) -5- (t-but03^carbohyl) aitiinb^ 
30 isopropyl-1 ♦ - ( 4-carboxamidoimida2ol-2-yl) J methy l-6-phenyl-2- 
phenylmethyl-hexanamide; '"^ "-M 
^ {2R, 4S> 5S, 1 • S) -2-phenylmethyl-4-hydr6xy-5- (5- (l-oxo]^ropyl) -2- 
thia2olyl) amino) -6-phenyl-N-(l • -isopropy i-1'- (imida20-2- 
yl) )methyl-hexanamide; > • ^ ' 

35 (2R, AS, 5Sr 1 • S) -2-phenylmethyl-4-hydroxy-5- (5-^1-oxopropyi) -2- 
thiazolyl) amino) -6-phenyl-N- ( 1 ' -isopropyl-1 • - (imida2o-2- 
yl) )methyl-hexanamide; ^< ■ ' ' -) 
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- ' .i > - -v(2R, 4S, SS, VS)r2-phenylmethyl-r4-hydiroxy~5- (5Tpropyl-2- 
-.1 .r.thiazolyl) aainp) -6-plienyl-N- (1 '-isopropyl-l •- (imidazo-2- 

yl) )metliyl-hexax»ainide; and. . 

-0 5 . f l.Vriini<iazol-2-yl)^^^^ 

Another group of preferred representative compounds are: 
r.ii, £, ; i c^(2R^4S^5S, 1 'Sr^S^^^ -methoxycarbonyl] amino-4- 

- : C ; .- : :hydroxy-N-'(l '-isopropyl-l •-iiaidazol-2-yl) methyl-6-phenyi-2- 
phenylInethyl-hexana2nide; .Mii 
:iQ; (2R, 4S, 5S, l's>-5- (1, l-dimetliyl-2-acetoxyethoxycarbonyl) amino- 

4-hydroxytrN- (1 V^isopropyl-l •-imida20l-2-yl)methyl-6-phenyl-2- 
phenyllnethyl-hexana^lide; : ^ :> : ; 

- b;. (2RV 4S/5S, 1 ! S) -5- ( (1, l-dinietliyl-2-liydroxy) ethoxy- 
£ isr. ' carbonyl)ainino-4-hydroxy-N- (1 •-isopropyl-l (4-: . 

15 isopropylcarbonyl-linlda2ol-2-yl))inethyl-6-phenyl-2- c 
:ii:5i.?D Osplxenylmethyl-liexananiide diliydrochloride salt;: 

: K (2R, 4S, 5S> 1 • S) -5- ( (IS) -l-inethyl-2-hydroxyethoxycarbonyl) - 
Xv; :!amino-4-hydroxy-N- (1 '-isbpropyl-l •-iiiiidaaol-2-yl) methyl- 6- 

- i phenylr2rphenylmethylhexanamide; •< . o . r 

i 20 :,(2R, 4S, 5S, 2^8)^5-^1 (lR>-l'-methyl-2-hydroxyethoxycarbonyl) - 
; ^vamiJiOr4-hydrpxyrN:r.(l,'-isopropyl-l'-iin^ 
;fPhenYl-2-pheny3jnethylhexanaMde;.! ;f . . .vib ' 
y^d v(2R, 4S, 55,1 ' S) 5- d-hydroxymethyl-cyclopentyloxycarbonyl) - 
amijfio-4-hydroxy-N-(l,» -isopropyl-l •TJjnida2olr2-yl) methy 
r Hi 2i > iphenyl-2rphenylmethyl-hexaxttide; ; v ^ 

.;n >:;(2R> 4SV5S, li'S)rT5-:(lv lTdimethyl-2-hydroxyethoxycarbonyl) amino- 
o:f ^ i^^^>i^Ar^axoxyr^-k^ll^^ methyl-6-phenyl-2- 
,lY ra-i ■ phenylmethyl-hexamamide- -hydrochloride; ■ t: ' ' ■ 
,Iv;-rx n;(2R; 4jS> SS/.1^«S) -.5-;(hydroxyethoxycarb6nyl) aminoT4-hydroxy-N- 
f. :>r. 30 ■ ' ( 1 • -isopropyl-lt' -imida2ol-2-yl) methyl-6-plienyl-2- o v. 

phenylmethylhexanamlde; and : - -/- 

i r; :r : hydroxy-l^r Clvf-isopropyl-i •-iinida2ol-2-yl) methyl- 6-phenyl-2- 
. ;^v;.f . T.pheiiylmetbylhexanamide .;.!.'.;^ n v. , . - .-7, . ( j. ■;■ 
35 , ::vo.;More preferred representative :conqpounds i.are: ; 

f^^';^?": S) -2-phenylmethyl-4-hydroxy-5-.( t-butoxycarbonyl) - 

no ri/i amino- 6-phenyl-N- (1 Visopropyl-l •- (imida2o-2-yl) ) methyl-- 
-^ii .;Ji."-hexaneuiiid ■ hydrochloride ; -;i;o.. , - 
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4S/5S, 1 * S) -5- (isopropbxycarbonyi) 
" is opr opy 1- 1 • -imidazol-2-y 1 ) me thyi- 6-pKeiiy lM2-pl^^ 
hexanamide; ' r:;wv^v:-^i1-'I v li:^^^^^ 

4S/ 5S, 1 ' S) -5- (t-butoxyca2*onyl) axiiini^^4-h^ 
5 isopropyl-l • - ( 4-isoptbpylc2Lrb6nyi-iird:daz^^ methyl-6- 
phenyl-2"phenylmethyl-hexahamide^; i^-lnorux 
' (2R, 4S, 5Sr 1 • S) -5- {i/l-dimethyl--2-liydroxireth^ amino- 
* 4-hydroxy-N- (1 • -isopropyl-li' -iiiddazol-2-yi) niethyl^6-phenyl-2- 
phenylmethyl-hexanamide hydrocdiloride/.v^^v^sf^^r^srafV^i^ 
10 Y (2R/4S;5S, 1 • S) -5- (hydroxyethoxycarbohyl) aitdiib-f-Kydro 
(1 • -isopropyl-1 ' -imidazol-2-yl) methyl- Srplieny 1-^2^*1- > 
■■ phenylmethylhexanamide; and im nkxisih-S>id^^^ 
{2R/4S/5S, 1 ' S) -5- (2-hydroxy-l-methylethbxycarbohyl) amino-4- 
hydroxy-N- (1 '-isopropyl-1 •-imidazol-2-yi) methyi-6--phenyl-2- 
15 phenylmethylhexanamide J S^-':f^\•lnl'.''■Xv■u^&^ " 

The term "alkyl" refers toia straight dor^ branched chain 
A ; alkyl radical of the indicated inimber^bf /cajirBoiiiiatoms. : 
■ "Ci.4alkyl" asjappliedvhereiniisjmeantvto-iricludei 
ethyl, propyl, isopropyl; butyl,^/isbbutyi,^^ec-^ tert- 
20 n butyl; "Ci-galkyl" includes additibrialh^yjpenty^ iisopentyl, 
2-methylbutyl, l-methylbutyl,vi2-ethylpropy3:;- rieop^ n- 
hexyl 2,2-dimethylbTityl> 2-Haciethylp(Bh^ 
. : "Alkoxy" refers t to an alkyl group o'^f th^-iiidicated number of 

carbon atioms atitached through a bridging^^ oatygeh - atom-, 
25 "Alkylthio" refers to ah alkylv group of 'fthfe^ i^ 

\ of carbon, atoms attached through a /bridging : sulfur; /atom. 
The term "substituted alkyl"r as usietd herein^v 
include Ci-gal^ylr Ar-Ci-ealkyl,i:r.Het-Cii.6alkyl,r C2-6alkenyl, 
. Ar-C2-6al5^enyl, Het-C2-6 ^a^^yl/^C3-6Cycloalkyl-Ci-^6^ 
30 03- 6cycloalkenyl-Ci-6alkyl or Ci-galkyl ^subst ituted >ith acyl 

or hydroxyl, \ ^hl^c^s^ny^rttsiii ^tx^:-ml^ a-'^r.q 

c /; - "Alkenyi" irefers tb"a ^straight 6^^ 

chain of the indicated number- of ? carbon- at oms>v w^ 

« 

one or more carbon-carbon double^bonds; at- 'ahy^st able i point 
35 along the chain, such as ethenyl> propenyl> butenyl, - 
a : pentenyl, .2-methylpropenyl;• ^;hexenyl;- and^thevi 

l: "Alkynyl" refers to a straight or- branched ^hydrocarbon 

chain of the indicated number vbf/ carbon' rat omsi* which 'contains 
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> vv .Jia carbon-carbon triple, bond at any stable point along the 
. -r? chain,. ..such as: ethynyl, 2rpr pynyl, 2-butynyl, 4-pentynyl, 
i :■. s2-methyl-3-^^ ,^ 
J :■; ' r .;?h^;^einn^ "acyl/^ H, 

5 Ci-galJcyl, .Ar7Ci-6alkyl, ;Het-Ci_6alkyl, . C2-6alk^^ 
■ ■ :v^52-6^^^y^^,3[®*^-C2-6alk^^^ C3_6cycloalkyl- Ci-galkyl, 
.• bs-gcycloalkenyi-Ci-galkyl, Ri3 is ff, 

i >..Ci_6alkyl> =Ar-Ci_6alkyl, Het-Ci-galkyl, C2-6alkenyl, 
; . Ar-C2-6alkenyi, .HetrC2-6alkenyl, Ca-gcycloakyi-Ci^galkyl, or 
lO'i C3-6Cycloalkyl, or Cs-gcycloalkenyl-Ci-galkyl; or.an a-amino 

?;/acid or an a-ainino alcohol bonded at the nitrogen. 
' liM ' "Cycloalkyl" refers to a saturated ring group of the 
indicated nuniber of c carbon atoms. "Ca-Tcycloalkyl" includes 
= ■ •= ^' c^^ cyclobutyl, ^cydopentyl, cyclohexyl and 

15 'cycloheptyi;': ;"Cycloalkenyl- refers to a saturated ring group 

of the indicated number -of carbon atoms, having at least one 
.'. fiendocyclicvceuebon-carbon -double bond. . "C5-7cycloalkenyl" 
- includes cyclopentenyl,. cyclohexenyl and cydoheptenyl . 
si- '•Aryl", ^abbreviated as Ar, refers to phenyl or naphthyl, 
20 optionally substituted - with one to three halo, OH, ORiO, 
; V . Ci-galkyl,.: Ci-galkoxy, .Ci-galkylthio, Ci_galkylamino, CF3, 

amino,? NO2, carboxy, Ci-4alkylcarbonyl, aminocarbonyl, 
i d CJi-saXkyl-Het/. C Ci-galkyl-phenyl, Ci-galkoxy- 

V phenyl>-.Ci-6alkyl-, Ci-galkoxy-, HetCi-calkyl-, HetCx-galkoxy-, 
25 ^ phenylCi-galkyl-, phenylCi-galkoxy- or phenyloxy. 

■ • As used herein except whiere noted, the t 
L.. >"heterocycle", abbreviated as "Het", represents a stable 5- 

-'to '7-membered monocyclic or a stable 7- to 10-membered 
i -bicyclic heterocyclic ring, which is either saturated or 
30 • unsaturated, and which consists of carbon atoms and from one 
to three heteroatoms selected from the group consisting of K, 
O and S, and wherein the nitrogen and sulfur heteroatoms may 
i V optionally be oxidized, and the nitrogen heteroatom may 
J :::: optionally, be quatemized, and including any bicyclic group 
in which any. of the above-defined heterocyclic rings is fused 
to a benzene ring. The heterocyclic ring may be attached at 
any heteroatom; or carbon atom which results in the creation 
of a^stableustructure, and may optionally be substituted with 



35 



wo 93/02057 



r^PCTAJS92/06047 

- 16 - 



one to three halo, OH, . alkyl, - alkoxy^u alkyl-Het, ; alkoxy-Het,- 
alkyl-phenyl, alkoxy-phenyl. Examples of j such heterocyclic 
elements include piperidinyl/dpiperazinyl-,- 2-oxopipera2inyl, 
2-oxopiperidinyl, 2-oxopyrrolodinyl, ' 2-bxbazepinyl, azepinyl, 
5 pyrrolyl, 4-piperidonyl, pyrrolidinyl> pyrazoiyl,- 
- pyrazolidinyl, imidazolyl, pyrldyl> pyrazinyl^^bkazolidinyl, 
• oxazolinyl, oxazolyl, isoxazolyl, morphoiinyl/'fthiazolidinyl, 
tliiazolinyl, thiazolyl, quinuciidinyr, ind6lyl>: quinolinyl, 
isoquinolinyl, benzimidazolyl, benzopyranyl, r benzoxazolyl, 
10 furyl, pyranylr tetrahydrofurylr tetrabydrbpyranyl/ thienyl/ 
benzoxazolyl, tbiamorpholinyl ) sulfoxide, thiamorpholinyl 
sulfone, and oxadiazolyl. , Heteroaryl. ref ers^to a heterocycle 
wh.icli has aromatic character t (eg*, characterized by 
delocalized, electron resonance -and; the ability. to sustain a 
15 ring current). ; Pyridine, imidazole, thiazole, • furain 2ind 
r oxazole are exciniples of heteroaryl rings ^b^j' oljy ) ' 
"Amino acid" mesms the D- or L- v isomer - of alanine, 
arginine, aspa:ragine, asparticvacid, cysteine,:; glutamine, 
glutamic acid/ glycine, histidinei^ isoleuciney leucine, 
20 ■ lysine, methionine, phenylalanine, proline,: serine, i 

threonine, tryptophan, tyrosine^ valine tor, trifluoroalanine. 
In general, the amino acid abbreviations follow the. lUPAC-IUB 
Joint Commission on Biochemical JNomenclature/ as. described in 
Eur^ J". Biochem.^ 158, 9 (1984) ; Usually .lipophilic amino 
25 acids are preferred for the moiety B, f for -.instance/ 5 Val> Ala, 
Leu cmd lie. It will be xinderstood thafc ar linkage B-0 refers 
to an oxygen atom bonded to the carboxyl; group ^pf , an amino 
acid, and that a B-N linkage indicates a, nitrogen atom bonded 
i . to the carboxyl group of an, amino acid, ; as f in an r amide bond. 
.30 "Amino alcohol" refers to an amino* acid in ^ which : the carboxyl 
. . group has been reduced to a methylene , hydroxy, groups 

Certain chemical names are abbreviated herein for the 
sake of convenience; Boc refers! to' the. lit-Butoxycarbbhyl 
i radical. Cbz refers to the carbobenzyloxy^. radical ;o Bzl 
35 refers to the benyzl radical.' Ac refers /to acietyl* : . Ph^ 
^ refers to phenyl. BOP refers to benzotriazol-1— yloxy— 
t r is ( dimethy lamino ) phosphonium hexaf luorophosphate ; ^ DCC 
refers to dicyclohexylcarbodiimide ; o DMAP . refers; to^ 
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dlmethylamin-opyridine. .DMSO refers to dimethylsulfoxide. 
HOBT. refers to l-hydroxybenzotriazole . nmm is N- 

v: 'P.®?^y,^?'??lPf.in^.-^^^^^^^^ EDTA is 

ethylenediamine tetraacetic acid. DIEA is diisopropyl " 
5 ethylamine,. ,,pBD.:is 1,8 dia2obicyclo[5.4.0]undec-7-ene. DMSO 
is dimethylsulfoxide. DMF is dimethyl formamide; Lawesson's 
reagent is 2,4-bis(4-methoxyphenyl)-l,3-dithia-2,4- 
diphosphetane-2,4-disulfide.and THF is tetrahydrofuran. HF 
refers to hydrofluoric acid and TFA refers to trif luoroacetic 

10 acid. / 

The coiapounds . of formula (I): : 

15 2Wherein-R4.,is,:CO-ini.',CHR6^^^^^ R"r11n-, "and r1, r2, r3 and 

t V: >:R« ,are M 

-- .' jrA):.(a). coupling,;a.;con5>ound ;pf the formula : (II) : 

va- b ?f.fi!l^>.f^, formula__{Ill) : 

ioi/O.r ,*7.'^Mia bx?.G W-vr . .{ .. . -. . (III). . .■ 

where Rl', r2'; r3', rS*/ JaridV', are 'as .defined for " 
" ^^P^o^u Jl>c.^fP W ^fapM^^ H or a 

B ,.^y^.??yloPr?tectin^^^^^ and" L '. . is OH or a ieaving group; 



or^ 



I i • i u ^ J 5?^?^^^??) ^ conrppund of the . formula ( ly ) ; 




30 OPH RS* 

(IV) 

with a coitqpound of the formula (V) : 
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wlierein^ A' and B' eire as deflnW^ ijx 'fo any 
' reactive groups protected; or '^^ '"' •^ ' ^CK^in^lh:Jlnt^X'^/ ^ ^ ^ 
5 (c) coupling a compound of the ^brnaiia -{viH^ " 




. (VI) 

with a con5>ound of the formula (VIl)':'^^^*-^ ^^^^ 
10 A'-L' 

■ (VII) 
and, " '^r Y' ' ' ' 

2) if appropriate, a coupling agent; and 

3) removing any protecting groups and 

X5 "4) forming a pharmaceutically '^accep^ ' 

The coupling reactioris'%ay be acconqpiislietf ^l^^ ' Activating 
the substrate with a reactive functional- 

prior to the coupling reaction, such that it is reactive with 
an a m ino group. For instance, acids may be converted to acid 
20 chlorides, bromides,' activated esters or anhydrides, or by 

adding a coupling reagent. Coupling agents are well known in 
the art for activating a fimctional group: in Wtu/ 
Exemplary of such agents krei 'DCCT^and dt^^ 
-DMAPEC, BOP and PPA. " These coupling agents may optionally be 
25 used with other reagentW, such a HOBT, NMM cind DMAP, which 
"may facilitate the reaction^ ' ' ' ^ a 

Suitable leaving 'groiaps^ 'LV^^a^ : 
displaceable by aii amino groupV such aS^ firo^ a 
substituted acyl (eg. trif luoroacetyl, bromobenzoyl^'^ 
30 nitrobenzbyl) of a substituted 'ph^enol (egr 4 and 
the like. If L' is OH, so tl^at A-OH is an acid, it will be 
appropriate to use a coupling agent as hereinbefore 
described. ^'u^' 

For instance:' ' ■ 
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X-rf " .>:ce a.v q When A. Is .a;. substituted alkyl. group/ such as 
;i<xr .*- R"(r18r19c) I. ^x^^ chloro, lodo or ,an alkyl or 

■!■■a^yl^■sulohate.•'••-^■' 'i-'- •= a ... . .. -, ' " , 

; When A is rI? (Rl8sl9c),n,-W, Ar-W or Het-W, and W is C-O, 

5 i A-L* may beiaicarboxylic-acid halide, activated ester or 
Mianhydride^ oracarboxylic acid in.the presence of a coupling 
o i agent.: : Methods for preparing such compounds are well knovm. 
; r. ..i^ may be a chloro- or bromo- formate, 

I ; or an; activated carbonate . ., Halof ormates may be prepared by 
10 . : reacting the appropriate alcohol with phosgene or • 

carbonyldibromidei i.!: Activated- carbonates may be prepared by 
B y li reacting; the appropriate .alcohol with a suitable carbonate 
such^as bis {4--nitro^^^ n :, . . : t ? 

i' u:^^men VxisxS02r.zI^' may be a sulfonyl halideiwhich may 
15 vi be prepared f from, the corresponding ' sulfonic acid. ^ r 
i^'l - -'-Wl^en W-^is :;SC-0;> A-L' may be -a 

•■be prepared from- a *carbonyldihalide and aui appropriate 
"■3 i;'"merciaptan.' V'- i.>- ' kv; "a;^■.^c - i. 

^y- -^mien W is PO(Or22) , a-L' may be a phosphonyl hatlide, 
20 = which mayibe prepared from the corresponding phosphonic acid. 

Compounds wherein 'A is Rl7(Rl8Rl9c)m-W, Ar-W or Het-W, 
^.f. and W ^s JNR«C«0 are ureasV and may be prepared by reacting a 
s,- compound :bf.^ formula: (VII) with an^ isocyanate of the formula 
r17(r18r19c)„-nC0,. Ar-NCO.. or Het-NCO, in a suitable solvent 
25 such as methylene chloride, optionally with heating. 

Compounds of formula: (III) , wherein X is nitrogen, are 
imidazoles and may be prepared according to Scheme 1, wherein 

a removeable amino protecting group, and R"'', r8' and 
^'-'^^^P9^,^° R'r- R8 "and'RS as defined for formula (I) , or 
a group which may be . converted into' V, r8 or R^, with any 
reactive" groups protected. 



30 



(VIII) 
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The axnlno aldehydes axe generally known or are' prepared by 
; metihods well known in tte ' artv ' f or > ihstan^ of 
a suitable a-amino acid ester with AAA gf^HiThy i « i nTn"! ^^17^ 

hydride . Further react ion ' of the ■ aldehyde i wit h a gem 
5 idialdehyde/ or diketone, Tand ammonia yields the desired 
imidazole. Alkylationt and further modificatibnivof : the 
substituent groups of the imidazole >afeo Within, thenskill of 
: ^ the art. Such a method/ and other methods; fori prepci^ 

imidazoles axe disclosed/ for instMce; iby*^^ al., J. 

10 Med. Cham., 29, 1065 (19861 / Angetr^^-^Cliem^^Inti^^^ 
t . (1983) ; and Hughey et al;, ^Syntliesls;)±4 89 d( 1980 y^^^^ 
! Alternately, acyl imidazoles may :be .preparedirby ^coupling an 
a-amino acid to a substituted. :4-amino-isoxazole/ ^and 
subsequent reduction and base catalyzed cresurrangement as 
15 disclosed generally by Reiter, L.A.v JT. tiOrg. ^Chem. r d52/?;2714 
(1987) . Intermediate, con^jounds of formula (VIII) are a part 
of this invention. /Preferably, aR^Vi^^vCi^^ 
preferably C3-6al3cyl. Suitably, R^V €md R^' jarepH^i^ Np2, Br, 
COR3-2, ,CF3, Ar, Ci-galkyl or Ci-ealkyl-R^^/ wherein r12 is H, 
20 , Ci-eaikyl,. Ar, OCi-6alkyl,> NH2r : and R^-^^ is OH or a> protect 
hydroxyl group. Prefezfably r9 is Hi or COR^. ap ^ 
Compounds of formula (III) / wheiteiriiJX^^ 
. : ^ thiazoles and may be . prepared according tO: :Schemeu2>:> wherein 
o - L" is^a; suitable displaceablergrouii-;.VD%/-^^^^ 

- - • ' ^- Schemg^^-2 - ^^-.-v . o.^.n 




30 Accordingly, a thioamide is reacted with a ketone or 

aldehyde, Thioamides axe commonly prepared from carboxamides 
by reacting the corresponding carboxamides with a reagent 
such as Lawessons reagent, as disclosed, ior -lhstguice, by 
Hamada et al,, Tet; Lett., 931^(1991) . :oSiii€atld'disp^ 

35 groups are those which are displaced by a sulfur nucleophile. 
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such as chloride,, bromid , iodide, mesylate, p-tolunesufonate 
groups, and th like. 

Compounds of formula (III) , wherein X is oxygen, are 
oxazoles and may be prepared according to Scheme 3 from 
.5 ' common .amino acids. ^ 



10 




substituted amino alcohol by commonj techniques, as described 



-v /i .abpve,r and , cyclized by- treatment; wit 

ai yield anr oxazoline, _as;, described ;byi; Meyers et al., j. org. 
; ft :£.Chem., y43, 1372 (1978) . -Oxidation, of the oxazoline, such as 
^5 rdescribed by Evans et al., J. Org. Chem., 44, 497 (1979) , 
1.; yields an oxazole. , 

f e ^ , of .^o?™".^a., (II) , (IV) and iyi) , wherein r2 

, ( v itA^ PF®P*^?5*r .fP^= instance, according to; Scheme 4. 



wo 93/02057 



PCr/US92/0d047 



- 22 - 



Scheme 4 



10 



15 



20 



(o^Pr)3cr^■- o-^r--^ '^^'^^ ^-^'^ R^■•^^/^^-^"^ 

O OH 



AoOH 



BOO-NH 




R^ 



(l-Pl)2N4J 



Bdo-NH 



R^-L' 




1) UOH.H2O.MeOH 

2) t-BuMesS^ Imidazole 



CQ2H; 




Boo-NH' 

' ■•^''■'^ OH ^ "''^^i 

Other methods for preparing protected^ 5-amihb-4-hydroxy- 
2,5-disubstituted-pehtaLn6ate esters -and- acic^ and the 
corresponding Y-lactbnes> are weir kndwii and W 

for instance, in Szelke-et -ali, ^U,S£^^P^ Boger 
et al., U.S. Patent 4^661,473, E^-A'O'^ 3^ et al., 

J. Org. Chem./ 50, 4615 (1985^ /^Kfempfr^^^^^^ 51/ 
3921 (1986), Fray et ai:, J. Org. Oii^.V^' 51/^^4828^ 
Halladay et al., Tett. Lett., 24, 4401 (1983) , Wuts et al., 
J. Org. caxem., 53, 4503 (1988), DeCanp et al., Tett. Lett., 
32,1867 (1991), and Szelke et al., WO 84/03044^ all of which 
are incorporated heredLn by reference. 

The con5)ounds of formula (11), (IV) and (VT) , wherein r2 
is OH, are also prepared by methods common in the art such as 
those disclosed in U.S. Patenjt 4,864,017. and Thaisrivongs et 
al., *7. Med. Cbem., 30, 976 (1987). 

Compounds of formula (I) , wherein r5 is R^-NrH, are 
prepared according to Scheme 5/ Scheme 6 or Scheme 7: 
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: >; .-. ,..f.= — >T-. ..r ., : Scheme S 

O 



(IV) 





«r-o It' «"■ 




■■H 



Scheme 7 



>H2S04 ^ H 




, / W I I N N 

A^herein r1'-r4 ' , r7' and r8 ' are as defined in' formula (I) 
- with' any reactive groups protected,' L* is a 1 aving group, 
15' -such as halogen, and Pr^ is a hydroxy-protecting group " 
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Compounds wherein R* ±s R^NR^^ eure prepued in em . 
analogous manner from a compound of formula (XX) : 

5 '(IX) 

Suitable protecting groups for, the^amirioVhydroxyl, 
carboxylic acid/ mercapt an group, and reagents^ for 
deprotecting these functional groups cb:e '(disclosed in Gr 
et al./ PROTECTIVE GROUPS IN 6rGANIC SYNTHESIS, Second 
10 Edition, John Wiley cmd Sons, New York, 1991, Deprotect ion 
indicates the removal of the protecting group and replacement 
with an hydrogen atom. In. part iculeu:,_suitably substituted 
; acetyl, benzyl and silyl groups are useful ffor:^ protecting the 
' hydroxyl group. The acetyl group is f commonly removed by 
IS reacting the confound wit]ti a IsJas such 1bls an alkali metal 
hydroxide, in a mixture of an alcohol and water . The silyl 
:; group, such as trimethyl silyl, dimethyl-t'-butyl silyl, and 
t-butyl-diphenyl silyl may be removed biy a fluoride reagent, 
such as a tetra-alkyl sunmonium fluoride, or by acid 
20 hydrolysis* The benzyl group may be removed by catalytic 
hydrogenation . 

Suitable protecting groups for the aminb group are those 
disclosed by Greene et alV, as::?indtcated previbttisiy . ' The 
benzyloxycarbonyl andjt-butoxycarbonyl groups are especially 

25 useful amino protecting groui^ '^Y f 

The present invention dLncludes phainnaceutically 
acceptable acid addition salts.' Acid additibn' salts of the 
present compounds are prepared in a standard^ manner in a 
suitable solvent from the parent compound and^ ah excess of an 

3d acid, such as hydrochloric, hydrbbromicr-sulfurici^^* 

phosphoric, acetic, maleic, succihicuor methane sulfonic. The 
acetate salt form is especially useful. : If the final 
confound contains an acidic, group, cat ionic salts may b 
, prepared. Typically the parent, compound is treated,, with an 

35 . excess , of an alkaldLne reagent , such as a ..hydroxide , .carbonate 
or alkoxide, containdLng the appropriate cation. Cations such 
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cas Na+, ^ K+, .Ca"*^i and/OT^ exanqol s of cations present in 

^ ' pharmaceutically - acceptable salts . Certain of the ' con5>ounds 
' i ' i . ' form -inner salts: 'or zwitterions which may also be' acceptable . 
^ o i * ; The' compounds of the present invention selectively bind 
' 5^ ^ to retroviral proteases in the same manner ' as • the"' virally 

coded 'natura! siibstrates of the proteases and compete with 
' " - these substrates -foi: protease, thereby serving to inhibit 
- ' -^viral replication' by blocking^ the formation of crucial viral 
proteins from polyprotein precursors by the protease, and 
10 hence, to inhibif '^disease progression in- vivo. The present 
' - ' compounds achieve' such beneficial therapeutic effect because 
r -they contain unique stTO impart 
VI o : oc f v: ^desirable pharmacbkiiietic properties to the compounds • One 

such property is-long duration of action. We have found that 
. .m\^s ]suh^ti^^ of W heterocycle/^ e^ imidazole, iil the 

■ of lAenpiesent conqpounds' affords 

• " ' conq^ binddLng affinity,' good 

kntiv^ favorable duration of action and water 

^ 'solubility"' for good drug deliveiry.' - ci ;; - v^ 

20 ^ wben^ a con^^ound-' of the ' present' invention is administered 

to £m animar ^infected or potentially infected with a 
^ JO/ ; retrovirus; viral replication is ijihibited and; he^ disease 
» ^progression 'is ; retarded, -: - Inasmuch as the amino acid 
^/r g-q^ binding and peptide bond cleavage 

25 sites of various ^retroviihises^'^^a^^ hiig^y' Conserved, 

an" inhiiitbr^is^ iikely^to'?^^ than 
one retrovirus. Also, *DNA viruses- which are depe^^ upon 
- virally' encoded- proteases, virus, may 
also be susceptible^to^such^ treatment."^ ' * ^ nji::-; 
30 ' - - The coii5>ound5 of " formula (I) are used to inhibit ' 

retriovirai replication,^ aind^^^ in treating mammals, 

'particiulariy ^huinan' p^ who are infected with 

^ ^ - susceptible retroviruses ^and require such treatment The 
^ ^ ' method of treating a retroviral 'disease in a mammal , 
35 particularly -a* hunianV' conqprises^^^i^ administering- 
* (e .g; orally, paxent rally, ^buccally, \ trahs-derraally, 
^ ' rectally or by 'Insufflation^ said mairmal an effective 

amount-of a' compound "of formula ^ (I) /^preferably : dispersed in 
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a pharmaceutical carrier ;:.vv Dosage /iiniCs: of 1Ae;ac^ 
:i ingredient may be selectediby. procedures, routine xto^one 

slcilled in the art, and auce generailyi3in:..theV:rah 
Ic L : mg/kg.> These dosage, units may be administeredvone to ten 
V 5 . times , daily for, acute or chronic ^infect ion. ^vrjPrefersJbly; the 
rivj compound is administered at% a level;; of: 1^10 mg/icg^^ two to 
.cVh: fours times daily. . No ^lnacceptabley^toxicblogical are 
vindicated when, compounds^ /of this .invention are administered 
in ; the above noted, dosage range.K( iv r^^ iyK - eai? ^^^- :/ 
10 , ; The, present invention also providesua method.of treating 
disease states associated .with .HIV. infection^^^ 
Immune Deficiency, Syndrome /AIDS) ^ .^cor^risi^ 
P( ^ an effective amount of ^ a conqDOtmd of . fponu^^^^^ 
v dispersed dLn a pharmaceutical ,tcarrier.i Y q ^ ^ 

15^1 Beneficial effects may/^be. realized, by /co^administerl^^ 

individually or JLn corabinatiorir other^anti-^ agents with 
: the protease inhibiting compounds.: of thej present.^^^i^ 
Examples^ of anti-viral agents, include; m 
phosphonof ormate , rifabutin, ribaviran , phosphonothioat e 
^ 20 ; oligodeoxynucleotidesr castahospermine,,^ dextran^ sulf ate^^^ 

alpha interferon euid an5>ligen... Nucleoside., analogues, which 
include 2 • ,3 '-dideoxycytidine (ddC) , 2 ' ,3 '-dideoxyadendLne (ddA) 
and 3 » -a2ido-2 ' , 3 • -dideoxythyridLde:, (ACT I especially 

useful. AZT is a preferred agent.., ^.Suitably,/, pharmaceutical 
25 . compositions : conqprise an anti-viral, agent, .,a protease 

inhibiting conqpound of^thie.jprMei^ 
. ; pharmaceuticcaiy acceptsible .csurrier^ , 

This; invention is f also a; pha!^^ formulation; 
which comprises a compound, of -formula (I) and a,^ >. r 
30 pharmaceutically acceptable . carrier . ; ..^Eliarinaceutical . ,r 
acceptable carrier are well, known ^in.l^ega^ 
disclosed, for., instance, in SPRpra^*&,JMERICJ^ 
Dittert, L. (ed.), .J.B. Lippl^ott jCo.,. 1974, 
and REMINGTON'S PHARMACEUTICaLL. SCIENCES, ^^Ge^ 
35 Mack Publishing Co . , Easton,, - Pennsylyania,, ..1985. i j , , - 
, r Pharmaceutical coinpositions . pf^. the coni>ounds , of , the 
present invention, ,or derivatives jtJiere -may; <be formulated 
as solutions or lyophilized powdersj. for parent^^ 
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' '-'^-^ b reconstitut d by. addition of 

a . suitable diluent , or other pharraac utiically acceptable 
carrier, prior to use.:; The liquid formulation is generally a 
I buffered, isotonic, aqueous solution. Exan5>les of suitable 
5 ; diluents are normal isotonic saline solution, standard 5% 

r dejctrose in water: or buffered sodium, or ..ammonium acetate 
' 'solution . Such formulation ■ is especially suitable for 

parenteral administration, but may. also be used for oral 
- administration or contained in a metered dose inhaler or 
10 nebulizer for insufflation, it may be desirable to add 
' excipients ' such' as' ethanol, polyvinylpyrrolidone, f gelatin, 
• ' ^ ' hydroxy cellulose," acacia, polyethylene glycol, .mannitol, 
i sodium chloride, or 5 sodium citrate.'. 

- ■ Alternately,): these: conqpounds . may be encapsulated, 
15 tableted' or prepared in a emulsion or syrup for oral - 

administration. Pharmaceutically acceptable solid or liquid 
carriers' may be addedito exihance or stabilize the 
■ composition, or to facilitate preparation of the composition. 
^Liquid carriers includes: syrup, .soy bean oil, peanut oil, 
20 >-olive' oil, glycerin, saline, ethanol, and water.:, 
ijcc^solubilizing agents, such as dimethylsulfoxide, . ethanol or 
l" £ormamide, ; may also .be; added. Carriers, such as oils, 

optionally with solubilizing excipients, -are especially 
■> suitable; Oils include any natural or synthetic non-ionic 
25 • ■•water-immiscible liquid, , or low melting solid/ w^ is 
' capable of ^dissolving lipophilic; compounds. Natural oils, 
Ssuch as ^triglycerides -are representative, 'in fact, another 
-■aspect of this invention is a pharmaceutical composition 
comprisdLng- a compound of formula (I) and an oil. 7 
30 Solid carriers include starch, lactose, calcium sulfate 

dihydrate, terra alba, magnesium stearate or stearic acid, 
talc, pectin, acacia, agar or gelatin. Solubilizing agents, 
such as dimethylsulfoxide or formamide, may also be added. 
' The carrier may also- include a sustained; release material 
35 V-such as glyceryl- monostearate or glyceryl distearate, alone 
:.' Ti-'or with a wax. The amount- of solid carrier' varies but, 
•preferably, will be between i about 20 mg to about 1 g per 
"dosage unit. The pharmaceutical pr parat ions' are made 
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following the conventional techniquesuof 'rpharmacy involving 
milling, mixing, granulating, and ;con5>ressing>^ > when 
necessary, for tablet forms; or milling/' mixing and filling 
for hard gelatin capsule forms • . iWhen; a: liquid carrier is 
Is * used, the preparation will be*. in= the form, of a>' syrup, - elixir, 
emulsion or an aqueous or non'^aqueous.' suspension • : Such a 
liquid formulation may be administered: directly p.o. or 
filled into a soft^. gelatin - capsulev- j, j: 

: A suitable dosage form, for r.oraJL administration has been 
10 prepared by dissolving the. peptide]. of Exampie 1 (312.5img) in 
dimethyl sulfoxide (1 mL) emdfdilutingrto a } concentration of 
12.5 mg/mL with soybean oil. _r. A; suit ablel dosage form for 
intravenous administrations has been prepared by dissolving 
the compound of Example 1 a(0 ; 02 'g) in ^ dimethyl sulfoxide (1 
15 mL) and diluting to 20 mL with a^ 70% propylene glycol/30% 
I- ethanol solution. - :-..-';;riw ny'-. ap^: -hu c:?-:- ar. 

For rectal administration, a pulverized powder of the 
coii5)ounds of this: invention may ^ be ./combined^ with vexcipients 
such as cocoa butter, glycerin, gelatin tor polyethylene 
20 glycols and molded into a suppository.. rpThe^pulverized v 

powders may also be compounded with am oilyi preparation, gel, 
cream or emulsion, buffered or ^unbuffered, and^ administered 
-through a transdermal ..patch . \i.;.,ri:,-,:j ^ lir-at^ J-:::>' 

- ' \^ The pharmacological activity^ : of V the cbn^bunds^ 

25 • invention may be demonstratedibyj enzyme, ^lassays^f to determine 
r the iiihibitory activity of ;^the.^ retroviral; protean by In 
vitro cellular-abased assays to determine the ability o£ the 
- 1 compounds to penetrate cells and; inhibit ^viral , replication, 

and by pharmacokinetic assays tojdetetin^^ 
30 bioavailability, drugj half-life and clearemce,. These assays 
are well known in the art. ; :b 

:v ENZYME ACTIVITY ^ - .v ; x " ■ / n 1; . o > 

The ability , of the compounds of this dLnvent ion to 
35 inhibit the HTV-l. protease ^enzym may be .demonstrated by 

.using the assay disclosed by Dr yer et.aJ.,. Proc. Natl. Acad. 
Sex., U.S.A., 86, 9752 (1989) Grant et al. , Bio chemlstr^r, 30 
8441 (1992), and EP-A 352 000. The Ki for -the , compounds of 
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: d v> ..this Jin.yentionj.are, in the. range of .1 nM .tOrS flM. Preferred 
...confounds, have, Ki's_ypf J ^^^^^ , _^ 

1,-= . IMFECTiyiTY o ■ bi---* - .-r ■ ' " ■ 

r. 5 .- ;;lT.:,^ ^.^,Th.e:. ability - o^^^^^^ invention to gain 

;., ..entry., to,- cells infected .with the human immunodeficiency 
, :::yirus,j aiid, to. inhibit r viral ,,replicationj.ij3 :vitro may be 
■ slit. / 0 demonstrated using the x assay described by; Meek, et . al . , - 
i > - J^ature, .?343,b 90 (1990)', andrPetteway. et . al., . Trends 
} 10 Pharmacol. Sci, ' 12,; 28H1991) .;. i The IC50-. for the compounds of 
i ?' this^ijnyentipn are inT the -range o 

■■'■■'^ .CYTOTOXICITT^ .a. p, iif h/v. :.;r,::- - ■• ,, , 

c j .-irrrCytoitoxicity is assessed by both direct microscopic 
examination of trypan blue . staineid cells (T-lymphocytes) and 
■id r 3ft; ; by the.- treated culture,' s lability to metabolize.: the ;. 

. i?. jtetrazoliumesaltcXTT (2,3Tbis [2rmethoxy-4rnitro-5-l.:, 
. : c:):: r,t- ;i suifophenyll-2H-tetrazolium-5Tcarbpxanilide;f sodium, salt) , to 
.vo.v cits forinazan:dye>.; The.vXTT.:assay. a determination of the 

20 SO.% toxic concentration of compounds rf or othe cell/virus n 
u-i.-j io ; [system used.-. 



t n- 
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no} iiv- .p &;r.Dualt.jugular . caiihulated Sprague Dawley_rats ! weighing 200 
25 to 250 g were ^;utiiized: iiit^ all > studies, j All^ dosing ,and Sample 
,o 'Collection, was? fdonev from 'conscious ^rats.t Before -dosing, a 
cU >s timer 0,^ blood>sample,n SOOj jiL, was. dra%m .using one iof . .the 

catheters. Utilizing the second catheter the .rats: were dosed 
I intravenously, At 1,? clO,.. 30, .60, .90,;rl20, 150, 180 and 210 
30. imin, after; dosing, ;30p j^ .. bipod, samples,, were drawn. ^.-T^^ 

dosedicorally were..administered the compound by rutilizing a 22 
gauger gastric; gavage; needle and san^jles were drawn nat 30, 60, 
■ x .:9,0,, 120,,;240,:360, 480, 600, 720 and 1440 -min.; The blood 

samples were placed-in^jprecooled tubes containing .30 mL of 
35.,: sodium ;citrate ; and centrif uged in a microf uge . , The plasma 
u wasi.transferr d then snap frozen on dry ice, and stored at • 
•r70**C2Until analyzed., . .;-,:;r.;..n..;:r,. . - .i.ii:.. ::o -.^^ ; 



'wo 93/02057 , : PCr/USW/06047 

- 30 - 

o'x ; : ^ j -: Statndaxd stock solutions (1^ nig/nO^) >^af^;^liililbitbr was 
prepared in 100% DMSO. ' A dilutioh^ isWieis^ ^ 
solutions were prepared In a total volume of 0.1 mL (pooled 
normal rat plasma/DMSO) to yield final concehtrat^^^ of 0 
5 and 0.5-120X the Ki o^ the -inliib were 

performed in txlpli Biese-^spi^ were 

- ' extracted with 0.5 mir=: acetohit rile ' 1^^- vi^otous^ vortexing, 
followed by. centrif ugatlon : for 10 mih . ^ An > aliquot i:( 0 , 4 mL) 
of the supernateuit was removed iMci^^dr led vltf^Eppenddrf tubes 

1 10 using a Speed-vac. ^ The (resulting residue was3 redissolved in 

DMSO.' ;The inhibition ofc the HIV-l?proteaseTadtivity was 
assayed as follows. An aliquot of the Extracted Tsan^le; was 
added to a 50 JIL mixture containing IX MENDTj buffer?: 1 mM 

^^i. substrate and incubatedjat^37**C: < lOiminvirrThe^^reacti^^ 
A. 15 ; then dLnitiated by the i addition of cHlV-i protease and ii 

continued^ at .37^C for an iadditionaliilS'min/ ritheh Jquen by 
the addition of TFA (0.5% final concehtratibn) -vinltlal 
, i ? rates were^ determihed for each ^standard curve ^ ^ais 3 th^ fraction 
Vo of remaining enzymatic activity (vi/voX at each* inhibitor 
20 ^ concentration/ in which vo 'Ls lie^velocity of the' i n 

(inhibitor concentration) «0 saxttple. Assuming that all of the 
original inhibitor in the spiked samples iras extra 
values of vi/vq were plotted versus inhibitor jCconcent rat ion 
vrii: : of vthe original extracted v sample cand^ fitted xtoc the equation: 
v25 : ;jVi/vo»[AEt " It : (Ki-AEt-It) ^-S] / (2AEt); x: 0- 1 

. ;inrwhich.;Et is. the totali.enzyme; concentration at time zero, 
V Ki is the appareiit inhibition constants and A 
■y -^of;.actlve enzyme. o- r;ni. . at::^):}- ;i::^o 

• . Ex vivo animal plasma samples .^containing unknown levels 
30 * of protease inhibitor were pretpareci arid Maiyzeii^ ks' described 

2 for the sta n da r d ciirve descrlbed'^above . - 'Thte^ concentration of 
inhibitor in these san5)les: TOS thenvdetefit^ Ki 

^ - and ^A parameters from the fitted* standard curve according to 
the Lf ollowing equation: c It«Afet [l-(vi//vo)v] + Ki-(vo/vi) , 

351 rir The data was plotted as the' naturalTaog : ( in)' o 

plasma concentration versus tdLme on J SCTillogarlthmic paper to 
generate the plasma concentration-vs-tlme curves Using the 
IV data, the apparent terminal rate constant was determined 
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if nn the -linear r gression. "ansaysis of the plasma 
■jy J concentrationr-vs-time curve..r.The elimination half-life 
(ti/2) was derived by dividing In 0.5 («0.693) by the 
terminal rate constant.- The area under the plasma 

5 concentration-vs-time curve (AUC) was determined by using the 
in/log . trapezoidal, rule. Pnai represents: the .maximal plasma 

, i concentration. and; tiaiV the time ^ following drug . 

administration at. which Qnax . was observed. Both values were 
estimated by inspection of the plasma concentration-vs-time 
10 -curve. -Total plasma clearance (CL) was calculated by 

dividing the dose by the AOC. The fraction of the oral dose 
i available to -the -systemic circulation (the bioavaileOjle 
fraction, F) f^was determined by the equation: ; f = . 
[AUCpo/DOSEpol= xr tDOSEiv/AUCivJ . : o - . : 

IS ■yi.:::i\il-- I'- V .0-O.i. ■ . . c ■^ - -. - >. •. 

6 w - r -The Exan?>les which follow serve to illustrate this 
; invention. Ttie'Exainples are not intended to limit the scope 

of this iinvention, but are provided to show how to i make and 
use' the 'coii^ounds of this invention. 

■ In : the ; Examples, Fall teii?>eratures are in ' degrees t , 
Centigrade c Mass spectra were perforBaediusJLng fast atom 
bombardment (FAB) or electro-spray . (ES) ionization. ; Melting 
points were taken on a Thomas-Hoover capillary melting point 
apparatus and "are uncorrected. 
25 NMR were "recorded at 250 MHz using a Bruker AM 250 

spectrometer>"unless otherwise indicated. Chemical shifts 
are reported V in ppm^ (5) downfield from tetramethylsilane . 
Multiplicities' for-NMR 'spectra are indicated as: s«=singlet, 
d«=doublet, " t=^:riplet, = q-<iuartet,. m-nrultiplet, dd»doublet of 
doublets, dt=doublet of triplets etc. and br indicates a 
broad isignai . J indicates the NMR coupling constant in 
Hertz. .. -nnf; i. ')v ■ .,^ j-, ; 

Celite® is filter aid composed of acid washed 
diaj:omaceous ' silica manufactured by Mansville Corp., Denver, 
35?' Colorado. iFlorisil® as an activated magnesium silicate 
chromatographic support and is a registered trademark of 
Floridon Co.-,; Pittsburgh, Pennsylvania.; Sat. indicates -a 
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saturated solution , eq indicates - tlie proportion of a molar 
equivalent of reagent relative to- the' principal react ant. 

Example Iv- ^ '^-t^-:^ ^-t: 

Prf*para1^ion of f2R: 45?> ?>fi, 1 W2"PhenvliTtethvl"4-hvdrQyv-5- f t- 

hii1-nyyraTrhonyT> aTninr>-g--phenYl*K- f 1 '-isoprh^ 

yl^ ^Tng>t:hyl--hexanaTnid<* hydrochloride > - v-x :tm:l.^ i r:.^riX-: 

10 a) (l'S)-l'-carboben2yloxyamino-l:V-isopropyl-lV- (iiaida20-2- 
yl) methane .. . ^ - ^n:: v^''"^^v=':: 

Cbz-valinal (4 .6 1 eq) Jand glyoxal trimeric .dihydrate 
{ 1 • 33 g, leq) were stirred in MeOHc at ;rlO*^C • a- Ammonia was 
bubbled through the solution for several viiriin-"an mixture 
15 was allowed to stir for 4 h at -10**C. Thie mixture was ,::: 
allowed to warm to room:temperature;pver,'14 h/fthen was 
/ : poured into 250 mL water, The. suspension was : filtered and 
the filter cake washed twice with* water r to- give': the ^ title 
compound as a white solid (1.9 g^ 36%),,kNMR(CD30DK^^5 

20 (5H, m), 6.B9 (2Hr s) , 5.04 (2Hr dd)if: 4;i^« 

: m), 0.91 (3H, d)^ 0.70 (3H, d); MS {CI/CH4)m/e. 274.2? [M+H]+, 

■!:..' 230.1, -::166.1, 123.1,-91.1.^. : ■ * ^. y'y)i) ' :jr ^^-S%r '-^i ' ' ' ' 

b) {l*S)-l"-amino-l'— isopropy 1-1.'.- {imida20-2-yl) methane 

25: i (l*S)-l*-carboben2yloxyamino-rl'.-:isopropyl-:l'-(imidazo-2- 
t yDmethane (1.9 g); was stirred7rin^;methanolj oyer 10% ?Pd/C (200 
mg) . Hydrogen was bubbled thrbugir the^blutibn^ f 6r 'ahd 
the solution was maintained under/ a positive^ hydrogen 
^ atmosphere overnight.. The mixture. was; -filteredf, through 
30 Celite® and was . evaporated to a tacky solid (720Vfmg>^^^ . 
. NMR{CDCl3) S 6.87. (2H> s) , 3.88 , (IH, d) , 2 .04. (IH, m) , 0.81 
(SR, dd) ; MS(DCI/NH3) m/e 190^2 [M+H1+.^ , 

c) (2R, 4S, 5S, 1 • S) -2-phenylmetIiyl-4- ( t-butyldimethyl) siloxy-5- 
35 ( t-butoxycarbonyl) ami no— 6-phenyl-N-> [1 • -isopropyl-1 (imidazo- 

2-yl) ]methyl-hexanamide . ; v: j::fq/.a . . 

: To a solution of {2R, 45, 5S) -2-phenylmethyl-4- (t- 
butylmethyl) siloxy-5- (t-butoxycarbonyl) amino- 6-phenyl- 
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hexanoic acid (200 mg, 0.38 inmol) in dichloromethan , (I'S)- 
; i: r 1 j.TaminoTlL-isopropylTl'-{imidazo-2-yl)niethane (48 mg, 0.35 
. f?i -r J rmmol) , BOP reagent -(168. mg,., 0.38 nnnpl) , and triethylamine 
. ■■. .:;;.;! (0.053 mL,, 0 .38 ininol). wer^^^ . The mixture .was stirred 

.:r c5 ^..<under^^^ washed successively with water, 5% 

= I. ..ift- c . v;^queous_. .sodium bicarbonate; and saturated aqueous sodium 
* • . i- 6 < 1. chloride . , The? solution was dried oyer MgS04, filtered, and 
: .': . .^ievaporated to, a; white solid. / The solid was chromatographed 
(silica/ .4% methanql/dichloromethane) to afford the title 
10 compovind as a white solid (0.154 g, 68%). 1JMR(CDC13) 5 7.18 

(lOH, m), 6.91 (2H, d) , 6.32 (lH,d), 4.69 (lH,d), 4.40 (IH, 
too: t), 3.92. (lH,£q), 3.63 (IH, m), 2.84 - 2.31 (6H, m) , 1.67 

.(4H,im), 1.24 (9H,<,s), 0.89 (9H, s) , 0.74 (6H, dd) , 0.05 (6H, 
\ ,1 - d); MS (DCl/NH3),m/e 649.6 [M+H]+. . 

Vv 15 ■ J.,. r ';t-.l^^ 6 .,.1 y.i -r-^:^ u.. . .•' .V 

c bd) .i ,(2R,4S;5S,l'S) -2-phenylniethyl-4-hydroxy-5-(t- .• 
. ( 1 butoacycarbonyl) amino- 6-phenyI-N- [1 • -isqpropyl-l • - (iraida20-2- 
,1. ) i!'. yl) ]mie thy l-hexanamide - hydrochloride , : 

The con^jound of Example 1(c) (0.140 g) was stirred- in 
20 THF at room temperature under an argon atmosphere. 
• -Tetrabutyl = ammonium fluoride (0 .38 mL, ' 6 eq) = was added and 
the , solution wa^ stirred overnight . . The - mixture was " diluted 
r^i .:^^ ^. ;lwith water, and extractedv^ The 
(p .: •: . combined- organic extracts i were washed with water and 

.-.25 evaporated. .The.rresidue/was ^treated with 1 eq of , methanolic 
tK.c rHCl, -concentrated,*.and: triturated, with diethyl ether and 
. CD C: ethyl vacetate ^ to give /the title compound as a white solid (95 
.- mg,.;83^),. NMR (DMSO-dg) 5 ,7 .78 : (IH,, d) , 7 . 16 (lOtf, m) ,^ 6.71 
t-:, :,(2H, s)>. 6.39 (IH, d), 4.68 (lH, m), 4.52 (IH, d), 2.71 (3H, 
' ■ ' 30 m) , 2.48 (3H,>m)> 1.97 (IH, m) , 1.61 (IH, m) , 1.30 (9H, s) , 
.0.78 (3H, d),.>0.6l, (3H, d) ; , MS (DCI/NH3) m/e 535.4, [M+H]+ . 

35 Preparation of f2R.4S.5.S.TS)-?-nhf>nv1n,>.1-hv1~4-hyH^ o vv-R,f^- 
LJ U CO iv ■ butoxvcarhonvl^amlnQ-fi-phAny l-.W-n '-iRopr-rtpyl-l 

amlnonarbonvl-thiazo-g-vl ^ itnoi-hvi-Hovanaini- ri^ . ^ 
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•a) Boc-valin amide • /: ■ v\ -'^ - ..^rrii^..-:^:.-. 

To a solution of di-t-butyl-dicau^boriate -^ (7: 15^ 5/1 eq) 
in dry dichlorbitiethane- was addetci valiiiami^e hydiFbchloride 
(5.0 g; 1 eq) and trie«iylandjie'<^( 9^14^1^ 2f eq) . mixture 
5 Was heated to reflux for 4 and cooled^^td robm^itemperature. 
The organic layer was washed twic^ wi^ -water ^^and^ eva 
to give the title coir5)ound (6.03^ g>^ 85%) . rafll(CbCl3)* 6 6.00 

(1H> br), 5.54 (IH, br) , 5.01 (IH^ br)^ ^ 3 .93 v(lHp^ dd) , 2.12 
(IH, m), 1.44 (9H/s)r 0.92 (6H, dd).-W n: 

b) Boc-valineth ioamide " . ^ .U.^ ,(f^v\=:Oiv 

Boc-valineamide (0.5 g) was stirred in* dry THF at room 
temperature under argon. : Lawesson*s reagent U (1.5 6? g, 0. 6 eq) 
was added and the mixture was*' stirred?: overnlgiBLt.^ - The solvent 
15 was evaporated cmd: the residue chromatographed (silicay 2.5% 
methanol/dinhToromethane) to give thee: titlelcdmE>otihd as a 
. . white solid (0.373 g^ 70%) v NMR(CDCl3) ^iS. 8i59r (IH/i br s) , 
8.09 (IH, br s), 5:41/ (lH,. d (br));r 4^20 (IH^t^dd)/^^^ 
m) , 1.39 (9H, s), 0.90 (6H^ m)^ i- ':ir -:0:y: ''r:^-:':y^ 

:.c) (l'S)-l'-(t-but6xycarbonyl)amin6--l'-is6prop^^ 
'si carboethoxythia20-2-yl) methane : '-^ ^ v in J: n^l^n^v ^10:^ 

Boc-valinethioamide (0.265 g)' wais stirred lii dry acetone 
under argon at -10**C. Ethylbrom6pyruvate -;(0 . l i5 '^^^x^^ 1.1 eq) 
25 was added and stirred for 1 h"at--10**C. The solution xras 
poured into a well-stirred mixture ' of chloroform faiid water 
and then saturated with sodium bicarbonate^.:; The> organic 
phase was separated and the aqueous : layer extracted with 
chloroform. The combined organic extracts were dried oyer 
30 MgS04, filtered, and evaporated to sm, oil» iThe. oily residue 

was treated wjLth trifluoroacetic anhydride (d.i6 
pyridine (0.2 g) in dichloromethane for 1 h at -20*^C. Excess 
solvent was removed dLn vacuo and the residue dissolved in 
dichloromethane. The solution was washed with sat. aeneous 
.35 sodium bicarbonate cind l.ON KHSO4 until pH .7. 7^ The solution 
was dried over sodium sulfate, : fil£e^ to an 

oil which was chromatographed - (silica, : 4% "methianol/ 
dichloromethane) to give the title compound as a tan solid. 
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o NMR(CDCl3). S 8.04 . (lH;.r,s),. 5.26 (IH/fbr d), 4.85 (IH, m) , 
T? 4 ^37 (2H, q)i -2.40>v(lH, m) , 1.41 (9H, s)> 1.34 (3H, t) , 0.93 
■•' ■ ' (3H; c1) ,' 0.84 (3H, d) . ) ' • 

5 d); <1 ♦ S) -1'- (t-butoxycarbonyl) amino-l '-isopropyl-1 (4- 
'• -•carboxythiazo-2-yl) methane 

t-n • The coitipoundvbf^^^Exar^ in thf 

• at 0*C . " Excess- 1 . ON' NaOH was added auiid- the mixture was 
stirred for 12^h at '0**C'; The mixture was diluted with 1 . ON 
10 " citric i acid ajicT extracted with jdichloromethane/ (SX) . o ' The 
' ■^ cdinbi'ned organic extracts were 'evaporated and dried in vacuo 
rs to give the title »compound (0.045 ig/r98%) . -1^ 5 8.08 

^ (IH/ -s)'; 5.'i9 (IH/ m), 4.80 (IH/ m)/ 2.31 (IH/ m), 1.38 (9H, 

av., (i*sf-l*-'(t-i>\xt6xyc^ kmino-l •-isopropyl-1 »- 

/ ^ ' (4-aniinocarbonylth±azo^2-y^ 

(1 ^S) -1 (t-butbxycarbonyl) amino-l •-isopropyl-1 (4- 
carboxythia2o-2-yl) methane (0.078 g, 0.26 mmol) was stirred 
20 under argon Jji^ <^ 0.55 xtM) and 

isobutyi^chlorofbrmate '(0.034 were added. 

After stirring 15 miii; a^ the 
H r >^ mixture foip^^se^i^ was warmed to- room 

" :terraperature ahd'^the^THF 'evaporated.^ ' The residue' was diluted 
*"25 ^ 'with ethyl acetate and washed successively with l.ON citric 

--^acid;''5% aqueous sbdiiim bicarbonate^ 'and sat. aqueous sodium 
a -v^o chloride. vThe organic tiayer was dried over MgS04, filtered, 
r^r^j x^jij v-^g^p^^-^jg^ ^to a ^solid which was chromatographed (silica, 
^''^3%^^methanbl/d£chloromethane) to give the t compound as a 

30 white solid ^^{0:052/g; 67%) . - ;NMR(CDCl3) -8 8.02M1H, s) , 7.14 

^(IH, 's^br) ^^^^ 4.82 (IH, m) , 

' '2.30 CIh; m) / "^139^(911/ -s) ; 0 . 92 (6H/'dd) V ^ 

L ; f ) c (2R^ 48, 5S/1 'S) -2-phenylmethyl-4- (t-butyldimethylsiloxy) -5- 
35-- - (t-butoxy' carbonyi)amino-6-phM [1 •-isopropyl-l«- (4- 

' ' ' 'aminbcarbbnyi-thiazo-2-yl) imethyl-hexanai^ 

The compound of Example 2 (e) (52 mg) was stirred in neat 
trifluoroacetic acid for 10 min and evaporated. The residue 
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was diluted with methanol and ^tr at d withi:2aeq^of cone. HCl. 
The solvents were evaporated^andcdried (in /vacuo:to give a 
white solid. This solid (40 mg) .was added^to absolution of 
AS, 5S) -2-phenylmethyl-4- { t-butyldimethyl) siloxy-5- ( t- 

5 butoxycarbonyl) aitdLno-6-phenyl-hexanoic ..acid^ ( 97 mg, 1.1 eq) r 
DCC (38 mg, 1.1 eq) , and^HOBT3(0.^05^j:g,^.2V2^eq)x in^I^ at room 

... temperature .under . argon . r;. N-raethylmorphoiine ,(0.04 mL; 2.2 
eq) : was added and the mixture r was stirred; overnight . The 
mixture was filtered through- Celite®>i evaporated, , and diluted 

10 with ethyl acetate. , The solution .was. ^^ratshed^^^^ 

with l.ON citric acid, 5% aqueous, sodium^bicar^^ and 
: sat . aqueous sodium chloride . j/m :The v organ! C' layer , was 
- chromatographed (silica, 2.5% methanol/dichlorometh^^ to 
yield the title compound (60 mg, 55%). '.NMR(CDCi3y S 7.89 

15 (IH, s), 7.60 (IH, d), 7.24 (lOH, m), 6.82 (IH, m), 5.12 (IH, 
m) , 4 . 89 (IH, m) , 3 . 92 (IH, q)!,. 3 . 81: (1H> dd).,^ 2 .73 (4H, m) , 
2.21 (IH, m), 1.73 (2H,:m), 1.40^,( 

(9H, s), 0.84.(6H,.dd), 0.11v(6H,id)^.> V^^^^^^ " ' ' 

20 : g); (2R,4S,5S,l*S)-2-^heiiylii^thyl^ 

butoxycaorbonyl) amino- 6-phenyl-N- [1 ' -isopropyl-1 V- (4- 
r..,^ aminocarbonyl(thiazo-2-yl)Jmethyl-hexan2ariide^^^^^^ 

^ The compound of . Exaa^le 2 (f) ( 60 xmg).^. was. ^^^^^ in dry 

, .: ,THF under etrgon andt tet rabuty lammonitaa fluoride; , X 0 * 5 0 mL, 6 
25 eq) .was added. ; The solution was stirred at jroonij temperature 
overnight . After d 1 1 ut ing with water the aqueous . layer was 

11 _ extracted with dichloromethane f. (3X) f The combined i organic 

extracts , were washed with water, evaporated, and -tritura 
. with diethyl ether and ethyl acetate; tovgiye^ a/^^^ 
30, The solid was chromatographed (silica * gel> 4% - i ; o> 
methanol/dichloromethane) to give !the t it le^ i compound as a 
white solid (0.022 g) . NMR(CDCl3) 5.7.90; (IH, s), 7.15 (lOH, 

m), 6.39 (IH, d), 5.93 (IH, br s) , 5.06 (IH, dd) , 4.91 (IH, 
d), 3-90 (IH, d), 3 .67 (2H, til) , 2.91, HH,^ m) , r.2 . 64 (IH, d) , 
35 2.13 (IH, m), 1.87 (3H,.m), 1.36. (9H,s):,-^0.,83 1(6H, dd);,: 

MS(DCI/NH3) m/e 612 tM+NH4]+, 595 [M+H]t,,. 495, ,^413.1, 391, 

374, 3S6, 239.1, 202, ' 185 ' , ^p:;^ 
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-0;v.rJ jii;- :)T,-. - r ^^^'"P^^ 3,. • .. . / ■ ■. ' ' 

r Preparation of f?R.4S.5s.i «s^-?-r>hi:.nYi^of hvi-4->>^rf^o,rv-';-ri- 

V" butQXYCart>Qnvl)aTIlino-6^T>henv1-W-. n «-< «» p rQPvl-1 »- ff hia^.^-?- 

- - <1 ' S) -1 (t-butoxycarbonyl) amino-l '-isopropyl-l •- (thiazo- 
..!! I. c 2-yl-) methane f> I u:^ pi -i.;;: j i o-;- ^f,^ 

.r_ - ; .The conqaotind of,;Exan5>le 2(c) was stirred in neat 
r:nv -lOf -quinoline.r .Cu,,ppwder; .(O.SO g) was added, and the suspension 
^was^^heated^.tp, I'eo"^^^^ After cooling to room 

1 r to. •. •:teit?>erature,l the, solution was diluted with ethyl acetate and 
fl v>J sV3x b.washed - with The organic layers were 

.«=.95>I'inedjMd^drie^^^^ 

15 jidazks0i4^ix^,l^^!Oll;;jyias, chroxnatographed; ..(silica, 4% 
b-. vf iij ii methanol/dichloromethane) Jto give the title compound as an 
f j iorange oiX.r,j;NMR(CDCl3).;6 :7.68 . (lH,r,d)> ; 7.19 . { d) , 5.26 
> lO; : (iH, d) V 4;88 (IH, m) ; 2.31 -(lH, m) , 1.43 (9H, s) , 0.92 (3H, 

■ ^(^■; /:rvn- d),:.0.84 (3H;.d).- , .J:'.; i V}' ' 

b) (i2R,4S,5S,l'S)-2-phenylmethyl-4-hydroxy-5-(t- 
a/x-! u :) ,s Jbutoxycarbonyl) amino- 6-:Phenyl-N- [ 1 • -isopropyl-l • - (thiazo-2- 
r V r :. r»yl) ]methylr-hexanamide> , n?: ,. . - 

:(pr.L O ff ) (ry.f .grollowing; theyprocedure Exan^ler 2 (f )-2 (g)> except 
•oxl2.5; oiiUsingiithe ;iCOXJ^pundiOf < Example .,3 (a) .in place of. (1 !S) -1 •- (t-^ 
IV rcbutpxycarbpnyl) amino-l !r:ispp.rppyl-l (4-raminpcarbpnylthia2P- 
,4!^trc?-yA).rae.thame,, (88%) . 

>I.?n«(PMS0Hd6) .5 8:.31,, (^^^^ d) , 7.16 

V <^ ((10H,J)m)V 2.61 (6Hr m) , ;1.28. (9H, s) v 0.89 >(3H, dd) ; 
3? i MS (DCI/NH3) ; ro/e }552 . 3; [M+H] 413 - 2, ;331 . 1, ; 183.1, ; 157 . 1, 

142.0, 120.!l'J?=i n.O':;.t { . r ■ ;• ' ^ r .: - 

■s 

- :l-v:cr.::- fVv;; ^i,. -i - ^-;■■^■■!■, ■ Exatrml «» 4:^ - ■ ■ ; 

35 Preparation of f?R. 4S. 5S. 1 'S1 -^-ph^n ^ rlmt^j-hyT-A-yryti-m^y-'i^ ft -- 

■ b^toxYca^bpnvl>amino-6-t>henv^-w-^l'-isop1r»pvl-3'-h^n^^m^ri»^.^- 
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a) (1 'S)-! •-carbobehzyioxyamixio-l '-isopropyl-l « - (benzdLmidazo- 
2— yl) metlicine 

Ci>2-valine *(2.0 1 eq) -was^'s^ dry THF 

under argon • Tfiethylamlne. ( 1 . 11 mli/:a i 0. eq);'^^was kdded, 
5 followed by isobutyl chlox:ofbrma1:e-S(rf03:?itnI/;l The 

reaction mixture was stirred for 10 mih • Phenylene diamine 
{0.944 g, :1 . 1 ;eq) : was; ^dded ^s lowly /cin:)10 inl/ Xdiy THE . The 
mixture was warmed to room ten5>erat\ire and :istirred f or 1 h. 
v The solvents were evaporated Md the* 
10 between water smd ethyl acetate .^-^^ ThW^^ e was 
'washed with ' 5% aqueous sodium 'bicarbWate^ aiici^^brljie . The 
organic layer was dried over MgSO^ r5?.£iltered>:f ind evaporated . 
'^The residue TOS diksblved-in glabis^afcetid heated 
^■^ ±6 65^0 for 16 h; Hie > solvents "were ^ 
15 residue diluted with water Afteri neutralizing ' with 

o seiturated aqueous sodium/bicarbonsite^Xlih^:^ solid ^was: filtered 
( and the filter cake^ was washed wlth^hexan^l^:^ The^ solid was 
■^ 0 recrystallized from ethyl :acet2rt;e and hexane.j^ 1WR;(CD30D) 5 
7.48-7.11 (9H, m), 5.06 (2H/ q) , 4 ^62 tlH> ^^^^^^ m) , 

20 1.23 (IH, m)/l.02 d) , 0.84 (3H, d). c£ 

/ ^ b) (1 'S) -1 '-amiho-l •-isppixip]^l-i^^ (^^ 

The coittpound of Example 4 (a) (2 . 76rig) 9 Was ' stirred in 
methanol . ■ 10% palladiumv^on activated^^krhbh (Pd/C) (250 mg) 
25 was added and hydrogen gas was bubbied^^ through tttie?^ol\itio 
\ for 1 h. The react ion;"^s maijitain^ %ide^ 
atmosphere overnight. The mixtur^ -was ^f ilte^red th^^ 
Celite® and the solvents ^evapoiated^to giW^tfie ^Hle : 
compound as a white solid (1.58 g;.a98%)u NMR^CDCis) 5 7 .48- 
30 7.10 (4H/ m), 4.02 (IH, d)V'^2:.24 %fH^ m)/r0^^^ 

0.83 (3H, d); MS(DCI/NH3) m/e 190.2 [M+Hl+. i -r. r 

c) (2R, 4S, 5S, 1 'S) -2-phenylmethyl-4- (t-butyldimethyl) siloxy-5- 
( t-butoxycarbonyl) amino- 6-phenyl-N- [1 •-isopropyl-i * - ■ 
35.i benzimidazo^2-yl]methyl-hexciriamide^il Ji: ^€ . 

To a solution of (2R> 4S> 5S) -2^phehylmethyl-4- (t- 
butyldimethyl) siloxy-5- (t-butoxycarbbhyi)?amino-6-phehy^ ' 
hexanoic acid (75 mg, 1.1 eq) in dimethyl formamide under 
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v .^f f <?:5?i5P??H5<* 9^ 1 <!>) (25 mg, 1.0. eq) , DCC 
{30 mg, 1.1 eq) and HOBT (44 mg, 2. 2. eq) , were added. The 
"^ff*^""^® stirred overnight, then filtered through Celite®. 
The solvents were j.evapora^ 
f 1 ; :*?^'*f^^9erraphed. (silica, gel,,. 4% methanol/dichloromethane) to 
give the title con5)ound (0.070^, 78%) . . NMR(cbci3) 5 7.88 
(IH, d) , 7 .30 .(14H,: m) , 6 . 80. (IH, d) , . 4 . 93 (2H, m) , 4.26 (IH, 
'1^/ ."»>r 2.92 (7H,, nj), 2..01 (2H, m), 1.53 (9H, s) , 

.-m..< ■^•3^'^^^',':^}^■^'^^J^^ (Sf' d); MS{DCI/NH3) m/e 

. . ,10 ;y 699.'6 [M+HJ^+.^. , /. .^ .. '. .^ 

, . Ji<*> ;;.(2R#.4S; 5s, 1 'S) -2-phenylmethyl-4-hydroxy-5- ( t- . 

^^^??yp^^?^yP f?^??"?~P^^yl-N- f l • -Isopropyl-l • -benzimidazo- 
2-yl] methyi-hexanamide 

15 - The conqoound of Example 4(c) was stirred in dry THF and 

tetrabutyl ammonium flouride (0.6 mL, 6 eq) was added. . The 

; . S : ;:ii^®ffP^.?^*^ur^^ diluted with water and 

extracted with dichloromethane ;(3X).. j ^;The combined organic 
20 layers were washed with water and evaporated to a residue 
- ■ •^.?fw:?^h?^®. ^'^^ (silica, ,2% methanol/CH2CL2) to 

give the title compound (0.029 g, 50%). NMR(CDCl3) 5 7.54 

^?r :™>f(7-ll (IIH, m), 6.69 (4H, s) , ,4.98 (IH, d) , 4.69 (2H, 
■!M 'J 3? 66, (2H, m),, . 2.74 (5H, m) , 2.31 ,(iH,. m) ,1.73 (2H, m) , 
25 1.32 (9H, s), 0.76,;(6H,. d); MS(DC1/NH3) m/e 585.4 [M+H]+, 
-413. 3,,:. 364. 3, 296.2, 190.2, 173.1, 120.1. 

ExHTnplA «> 

30 Prftpararinn Of f2R.4.q..'>s.Tfiy-9-p>.>» pvin,^fhvi-^-hvriT-»^,-q-#»- 
b^it . 6yvnnrbQnvl)'nThino-6-r>hf>nvi-N- n '-^m ±dfir.n-9-yy >1n^^>,yw 

nt i..^J.:-2-(carbobenzyloxyainino)methyl-imidazole 
35r ."j; . Following the procedure of Exanqple 1(a), except 

.substituting Cbz-glycinal for Cbz-yalinal^ the title compound 
was prepared. NMR(qDCl3) 5 .33 (SH, . s) , 6.95 (2H, s) , 5.95 
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(IH, s(br)), 5.12 (2H, s) , 4.42 m/' df ; MS(DCi/NH m/e 
'232.2 [M+H]+, 188, 171. ' . .-s 

b) {2R, 4S, 5S, 1 • S) -2-phenylmethyi-4-hycir63cy-5- ( t- 
- '5 butoxyc2ucbbnyl)2unino-6-pliWyl-N-(f *-iiiida2 
hexanamide hydrochloride T ^. 

Following the procedure of ExainpleS 1 {b)-i (d) ; except 
substituting the confound of Exaniplc^ 5(a) 'for (1 'S)-!' - 
carboben2yloxyamirio--l '-isbpropyl-l » 
10 the title con5>ound was prepared. . NMRCCDsOb)' 8 7. 26- (l6H,m) , 

6.94 (2R,s)r 6.11 (IH^d), 4.24 {2H,dd)^3.61 (lH,m) , 3.52 
(lH,.m), 2.69 (4H,m)/ lv66 (2H;m) / 1 ;28^ {9H/s)/ MS (DCI/N^ 

m/e 493.7 [M+H]+/ 475.7/ 12012, 98^2^^ 8f3il Ip^ 
'15^ ^ --^ ^ Exainpler 6 >v > ^vf^'i- cx . 

P-TAparatinn nr 72R, 4S^ 5S.1 'SV>2-r>henvlmethvl"4-^^^ 

h>nf nyvr:ayhQnvl^ amino- g-phenvl-W- Tl « -methvl-1 ' - ( imtaazo-2-vl) 1 

mf^fthvl-heyanamidft hydrochloride^ ^-n 4-^ ^ f^v. t^.i^vj..'^ 

a) (i'S)-l'-carbbben2yioxyaminb-i'-m^^ 

yl) methane ■ - • -* x ..v .... . 

Following the procedure of " ExaBBple;; r 
- ^ -substituting Cbz-alanal fbr^ Cbz-^-val Jjaii; "'the ^tit le - conqpdund 
25 was prepared. NMR(CDCl3) 5 ;35 ^'(SH^s) / 6^92 <2H,sfv ^ 
5.52(lH^d), 5.12 (2H,q); 4.90 (IH^qf ; MS^DCI/NhI^ 
[M+H]+, 202, 185. 

b) (2R,4S,5S,l'S)-2-phenylmethyl-4-hydroxy-5-(t- 

3 0 but oxy carbony 1 ) amino- 6-piieny 1-N- [ 1 • -methy 1- 1 ' - ( imi'da zo-i-y 1 ) ] 
'methyl-hexanamide hydrochloride -'^ -^^ ^ '^ ^ -^ 

Following the procedure of Example- 1 
substituting the compound of Exanple 6(a) for (i*S)-l*- 
carbobenzy loxyam i no-1 isoprbpyl— 1 ' - (iinidazb^2— yl) methane, 
35 the title conqpound was prepeored. { NMR(CD30D)' .S5 7 .11 (lOHi'^-m) , 

6.86 (2H, s) , 4.69 (IH, d) , 3.62 (iH/ d)V 
{6H, m), 1.59 (2H, m), 1.30 (9H,'' s) 1.14'''(3^^^ 
MS(DCI/NH3) m/e 507.5 tM+H]+, 489.4> 112.1. 
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. Oil;- ■ .-^-Tr /,.;i.rL-.>.r.Jj i: n. x.r.- \ - ,-. . 

,b';-;j- tor-/- V . rr-, Examplt* 7 •■ . ^ 

O-rj-j -.r ¥>.n ; .b:so;i:^£, c:.;"- ^ . .:'v..::!;; : . .. -i ; -■>,■■ .•: <, 

: ' Treparatlon of 4S. ss. i 's^ -7-^y,^r,y^m^i■y^^r^-a-y. y A'rr,^-^- 
r 5;.ri butQXYmrhonvl ) ami no-e-phenvi -w~ n « -K.> n 7:vi -t- Mm^ rta r^r.-?- 

a) (i » S) -1 » -carbobenzyloxyamino-l • -benzyl-l • - (iinidazo-2- 
yl)metliane . ; . C:.=.. %y, 

10 Following the procedure of Example 1(a), except 

1 r: ^ ^ substituting ■ Cbz-phenylalaninal -f or Cbz-valinal> the title 

compound, was: prepared. .\NMR(CDCl3) 5 7.37-7.05 (10H,m) , . 6.95 
(2H, s br) , :5.52; (lH, v d) , 5.05: (2M, s) V 4 . 95 (1H; Xq) , 3.32 
XZ&r d); MS(DCI/NH3) m/e 322/ 261, 171, 

b) (2R,4S,SS,l'S)-2-phenylinethyl-4-hydroxy-5-(t- 
butoxycarbonyl)aminoTT6-phenyl-Nr-.{i '-.benzyl-l •- (iinidazo-2-yl) ) 

V is-. xnethyl-hexanamide hydrochloride, : a a..,, . ; . .. 

r; Following the procedure of :Exan5)lei 1(a) -1(d)., except 
20 substituting the compound of Example -7 (a) for (1»S)-1 

carbobenzyloxyamino-l .• -isopropyl-1 • - (iinidazo-2-yl) methane, 
■f; .; the,;title; comppuiid was prepared. 1^ 5, 7,15 (15H, m) , 

•■'I ri.'6.79 (2H, ■ s) 5v78 (IH, d)., 5;04.> (IH, d) ,v 3.58. (IH, m) , 3.47 
3 K (IH, m) ,iv2.68 (8H, m) , 1.59 . (2H,. m) , 1.3lj (9H, ,s) . 
25' - ■ -.-'iii r.;. i-f "irsV-.-.v '■c-i.^.., : ■ s^J'l" . { .. ■.si.';. 

■■■ ,o.5;.fi.-5...;, .-.i Examal «» R 

.i-vo r Prffnnrn1-1nn of ^2R.4S■5S■^■sl-'^~r^qrhr.^An^^r^ nv^v^^.^n»-^> 
< ' ' hvdrnyy-w- (T-1 sopropvi-i «-^fn^^ rta^»i -9-vr>Tno»hy i -fi-p>,^„yi -9.. 

30,. Phffnv1inAl-hv1-h*>vanan»<Ho . .^^-^ ,„ 

A solution of (2R,4S,5S,l'S)-5-(t-butoxycarbonyl)amino- 
i ? /( i 4Thydroxy-N- ( 1 • -isopropyl-1 • -imidazol-2Ty 1 ) methyl-6-phenyl-2- 
phenylmethyl-hexanamide:; (0:08£ g) in trifluoroacetic acid was 
35 stirred for -10 min, then was evaporated tin vacuo. . To the 

residue were added dimethylformamide, benzylchloroformate (1 
• i/ : q). and triethylamine:o(5 .'eq) and the resulting. mixture was 
stirred at room temperatur for 16 h. The reaction mixture 
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was poured In-to H2O smd extracted with diclilorometliane. Tlie 
combined organic extracts were evaporated, and the residue 
was trituarated with diethyl ether to' afford the title 
con5)ound as a white solid. . / NMR(CD36D);i.8 x7.^^ m) , 

5 : 6,84 s) , 4.99 (2H/ s) 4 J54 :(2H/ Ld)^p<:^3 i^6K^(lH;: m)-> 3.52 

(IH, dd), 2.77 (5H, m) 2 J04 ii(lHy:m)> Kl;i76^(lH;i^ (IH, 
m), 0.82 d) , 0.66 (3H, .d) . 

Example 9 l and - jihiZv 

10 . . • 'r :>::--':^vr-c:- - -f:y ni^ .:^?r;IX:\^: ,^ .- 1;: 

. Preparation of f2R. 45. 5S. 1 'SV-^S^ ^^-bui^Qyyr? arbQny1 VaTninQ-4- 
hvdroxv-N- Fl '-isopropvl-1 M . 5-d iTTtftfrhvl V 
vl 1 Tnethvl*6-phenvl-2-phenvlTneth vl-hexanamidA^ jv^^ 

15 a) (lS)-l-carbobenzyloxyamino-l-isopropyl-l-(4r5- m 
dimethylimidazol-2-yl) methane (4 ^i: v^ifi , ^yi^ a^") (; ^ 

Cb2-Valinal (4.14 g) was stirred in methanolvwith 2,3- 
butanedione (1.54 mL, : 1.0 eq) . j-. i^^ 

the solution at -25'*C for 5 min; The cobling bath was 
20 : removed and the mixture allowed to warm rto i20**Ci2; o=:The v^; 

solution was stirred for 16 h tmder: Ar;:v^.kT^ 
- ^ removed by rotary evaporation, and thei'residue^: was vdiltited 

with dichloromethane and extra:cted with • dilute, aqueous HCl, 

The organic layers was concentrated tO; afford, unreacted Cbz- 
25 valinal (4.02 g) . The acidic aqueous layer was basified with 

IN NaOH and extracted! with dichloromethane/ 

extract was concentrated and the residue purified by flash 
^ ^chromatography (4% methanol /i^^ y-toxprovide 

the.title conqpound as a white solid ^(SO i^^^ S 
30 7.29 (5H, m), 5.04 (2H, dd) , 4 v38x- (lH;%d) ;^iiy06^^(6H^Ls)v^ 2 . 

(IH, m), 0.93 (3H, d) , 0.77 {3H, d) . 

lb) (lS)-l-(4,5-dimethylimida2ol-2-yl)-2-methylpropylamine 
The benzyloxycarbonyl group was^ cleaved by 71'^^^^^^ - 
35 .hydrogenolys is using the same procedure as described .^c 

previously in E3cample -1 (b) > except using th of 1(a) 

(50 mg) . to afford the title compound as i a white solid 
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(24 •^,>.87%,:,^.M«R,„^^^ S (2H, =a,r,,, 3.7a ,1H, d,, 

C) <2B/«;Ss;i-si-5-(t.^to^cirbonyl)ai,^ 

butyldl,„ettylsiloxy-N-Il.-isopiopVl-l.-(4,5-<u«ethyl, 
l«ld,zol-2-yl),,ethyl-6Tpi«„yl.2.pSe„yl^^^y^.^^^_^^^ 

(2R 4S «T s^^Tr^"' °' '"-P* substituting 

6 phei.yl-2-pheiiylmethylJ.exanoic aeid and (IS)-l-: (4 s- 
<Unethyll«ddaiol-2-yl) -2-methylpropyla,^e (24 mg) ,' the' title 
- compound was 'prepared <5S .ng, S7%, . »«,a.cX3) S 7.2^6.80 

■ "^''"!^''-«':.<^> '«C;4-24 (lH, dd), 3.87 (IH, q)', 3 61 

■ i!' r'sT:^' <S=>i./ 2.22 UH, ..,8 7, 



20 



25 



3d 



"...f SS'.l -^-S- (t-b„to:.ycarbonyl) a«i„o-4-l.ydroxy-H- ri •- 

phenylmethyl-hexanainide r'- • '^^^ .. : . - i 

■-EiSi»i%iW— ' '?'^,'"?'««=««i<» procedure described in 
Exai>>ple Kd)', except using (2R;'4S;5S,l-S)-5-(ti 

. Ph«.^l»«hyl-be«u,i.u;ae^;,5^^^ c^^i,^ 

treatment wttb netbanolic HCl, ti>e title io»poiind Vas 
. prepared , 25,„g,,:62,,..e»»,„c^^^ 

^•■2'' <lH. -);' 2.04 ,6H/ s,/ 1.71 ,2H-b,, 1.38 
(9H, s), 0.69 (6H, dd). 



Eystnp1«> IP 



35 




YnniftrtiYl-ff-phftnv1-?-nhPnmn.o^xy^ ^ Ti nr nn nm 1 ili 



a) (IS) -l-carbobenzyloxyamino-l-isopropyl-i- (4- 
phenyliin±dazol-2-yl) methane 



WO93/02057 ■ ' v^crnjssi/oeiw 

, ;> ' Using the procediireCof .Example ^1 (a) >r-, except i^using Cbz- 

(L) -valine (2.19 g) ,and a-ketophenylacetaldehyde,. instead of 
glyoxal, the title compound was prepared (1.54 g, 48%) . 
NMR(CDCl3) 6 7 .62 (IH,. (br) ) , 7.24 . (10H,,.m^ (IH, d) , 

5 5.04 ,(2H, dd), 4.32,, (IH, dd), 2,»31,,(lH,|m) ,;;0^^^^^^ d) , 

I 0.79 (3H, d) ; MS m/e 350.4 [M+HJ+,.a99iOV..- 1^^^^ 

b) (2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) andhot4-tr //c 

butyldimethylsiloxy-N- [1 '-isopropy;!^! • - 

10 , ^ yl3"ethyl-6-phenyl-2-|T0henylmethylThexanainidei . . J 

Using the procedure, of Example ^;^1^^^ 

the compound of 10 (a) (72.;mg) , thejj.title - compound: Was 
prepared (67 mg, 44%). NMR(C^^ 

(16H, m), 4.73 (lH,d),, 4.54 r(lH,dd).; 3.96 (IH, |4)/ 3.69 
15 (IH, m), 2.88-2.36 (5H, m) , 1.73 (2H,.;m),,-1.33 (9h/,s), 0.91 
(9H, s), 0.84 (6H, dd), 0.11 (6H, dV^lfe m/6'7i5.4 

[1 '-isopropyl-l (4-phenyl) imida2ol-2j7yl3methyl-6jphenyl-2- 
.20, . phenylmethyl-hexanamide . - • - . ,^ 

Using the procedure of E3eaii5>le ;.9. (d) ;/.exceipt....starting 
. from. (2R,4S,5S,l'S)-5-(t-butox5rcarbonyl)a^o-4-t^^^ 
butyldimethylsiloxy-N- [1 V-isopropyl-1;'^-- (45^^^ 
, yl]inethyl-6-phenyl-2-phenylme(Jrs^^ the 
5^*^^® compound was prepared "(30 mg, 54%) .^^' lOCl^^^^^^ 5 7.52- 

6.67 (16H, m)r 5.48 (lH,vd)>H 3.60 /;(1H,.;,<I)VS^ 
i (4H, ,m), 1.96 (IH, m),. i. 62 (M,,,m), a. 23 ;(5H,,s (3H, 

d), 0.62 (3H, d); MS m/e 611.4 [M+H]tr :244.2, -195.0, ' 150.2. 

30 ExainBlfi_ll 

Prftpnrnf ion of f?R, 4S, SS. TS) -■'?-f^-^n^ov..r.;^^Kr,T,y^ i om-^nn -l- 

Phenyl -?-phftnv^lnf>^^Tr^-v.o^T,^^nf^f > 



; j 

i \ 



; ! 

i 

\ I 



I: 
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a) (IS) -carb benzyl 3cyaniino-l-isopropyl-l-(N'-inethyllinidazol- 
2-yl) methane 

■ ( .j-The product of Example 1(a) (273 mg, 1 mmol) was heated 
at 4p«c^.for 2 >„ln methyl i^^ aL) ., The reaction 

mixture was evaporated^ . and, the , residue was suspended in 
aqueous Na2C03. The mixture was extracted with 
i. 1 4^chlpi;Oniethan^, dried, (Na2C03). and concentrated. The crude 
product was purified .by flash chromatography (silica, 2% 
rmethanol/dichlorpmethane) to yield the title compound (200 
,mg, 70%). :KMR(CDCla) 6 7,^^^ (1H„ s), 6.69 (IH, 

s), 5.94 (IH,, d>,..^ dd),:,3.64 (3H, s), 

,-2.20 (IH, .m),5 1.01 (3H, d), 0.82 (3H, d) . 

x«- 0 b) (2R,4S,5Srl'S)-5-(t-butoxycarbonyl)amino-4-t-.: • 
15 butyldimethyl8iloxyTN-.[l'-iaoprppyl-l'-(N'-methyl)imidazol-2- 
;r) yl]methyl-6rphenyl-2f-phenylmethyl-hexaiiamide 
^■^ ^- Following,: tAe. prpcedure ; of .Example cl(b) -1(c) except 

using, the compound- of :11 (a): (90 mg) , the "title compound was 
^^^^^'^^^^. ^W^,P^j,50%)^^ ^^mR{^a^ 5;,^.32-6,89, (lOH, m) , 
bao:ri20, :;6,.81:,(1H, s) , > 6,59/,(lH, 8)> 6.08^ (IH,. d) , 4.71 (M, m) 3. 94 
q)/p 3^,70, ,(lH,im) , 3.25, C 2.21 
ev:;:: , (p(lH/)m)>i.l.73r-(2H/)m)^r.l.31: (9h; S {9H, s)> 0.85 (6H, 

dd), 0.11 (6H, s). V 

. 25; :fi,c) 4S, 5S, 1»S) ^5^ (t-butoxycarbonyl) amino-4-hydroxy-N- [1 •- 

isoprppylTlZ,rs.(N'-inethyl)iinida2ol-2-yl]methyl-6-phenyl-.2- 
vphenylmethyl-rhexanamide !;, >:> ; r u , 

• • Following -the.procedure A of Example 9(d), except using 
(2R, 4S 5S, 1 ? S) -5- ( t-butoxycr -ibonyl) amino-4-t- - - 
. 30 :icbutyldimethylsiloxy-N- fl'-iisopropyl-l (n* -methyl) imidazol-2- 

yl]methyl-6Tphenyl72-phenylmethyl-he3eanamide (100 mg) , the 
title compound was prepared (74 mg, 89%) . NMR(CDCl3) 5 7.21- 

6.74:.(llH„cn,).,. 6:.7P, (IH,. s)> 6.59'"(1H, s):, 4.95 (IH, d) , 4.61 

M:;...(a.H,;.dd)-,,, 3.,6a s), 2.71 (5H,= m) , -2 . 06 (IH, 

35 m), 1.64 (2H,„;m).,.:1.32 ,(9H„,s), 0.82 (3H, d) , 0.63 (3H, d) ; 
^:. =, MS,,m/e 5.49..:3. [M+H]+,: : . . r u. - ■ r 
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Preparation of r2R , 4S . 5S 1 1 ' ^S^Vfr-bnfcoxvearW^ ^ ami 
/ hydrojcy-W- ri ^-isopropyl-1 *-imidagQl-2-yiymet:hyi^6- phenyl-2-- 

5 f 3*phenylprQpargyl) hexanamlde^ ■ q^^^^ :>^^^ ^ 

a) C3R,5S/l'S)-(l'-t-butbxycarbonylam±nc^ 
(3-phenylpropargyl)-t:etrahydro^furaai-2-6ne"'" ui^in; : 

To a solution of lith ivtm dlisopropy jandd^ ( 3 1'61 mL,. 
Id 210 M in THF|. 2.2 eq) in THF at -78fc'i^^ 

atmosphere/ (5S, 1 » S) - (1 ' -t-43u£oxycarBonylamino-2 • - * 
phenyl) ethyl*-tetrahydrofxiran-2-one^'{1.0 .1/0 eq) was added. 
After stirring at -78®C for 15 mLn^ hexamethylphosphoramide 
(1.14 xnL/ 2 eq) was added, and )s£irrlhg ' was^ c^ sua 
r! is additional 10 mi n . \Phenylpxopargyl bromide 2^0 eq), 

was added and the resulting mlxtnire was s for 
2 h, then pouired into dilute aqueous^ HCl ahd-^eictracted with 
dicihlbrdmethane. < The^co^^ 
evaporated 'under reduceli 'j*^ 
^ 20 chr6ma:tographed (silica, 20% ethyl acetate/hexanes) to^^^ 
the" title ccmrpound as; a^ whit^ solid^1C0.^55-g^ (33%) s.^ 
.NMR{CDCl3) 5 7.18aiOH, m), .4.50 i{2H;^}m):; 3.93 (lH;:iq), 2.79 
(5H, m), 2.23 (2H, m) , 1.24 (9H, s) i- ,E ; Xi: / , 

j 25 b) (2R,4S,5S)-5-(t-butoxycarboriyl)amlj^ 

siloxy-6-phenyl-2- (3-phenylpr6pafgyl) Hexanoic acid>- 

The title compound (496 migr, . 84%) Twasyprepared^by the 
; procedure of Evans et ali^rt^j^-Qrg.ACft^M^l^O 

the product of 12 (a) (450 mg) . rjLjrNMR(CDCl3) 5. 7.49-7.10 (lOH, 
30 m),;4:71r(lH, d),X3.94 (3H^ m)V^ 2^:69 ^ (4H^^m)v-lj:^ 

1.31 (9H, s)> 0.89 (9H/ s) , 0.11"(6H;wd)-; 3 .Ur ^ 

c) (2R,4S,SS,l'S)-5-^(tHbutbxycbL2a>dhyi;^ 

butyldimethylsiloxy-N- (1 '-isoprbpyl-1 •-imida2:oi-2-yl) methyl- 
35 6-phenyl-2-(3-phenylpropargyI)hexana2iLtde:^^/ ■ :V. i ; { r< j£ 

Following the procedure of Example l'(c) ; except using 
(2R, 4Sr 5S) -5- (t-butoxycarbonyl) amino-4-t-butyldimethylsiloxy- 
6-phenyl-2- {3-phenylpropargyl) hexanoic acid (240 mg) and 
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(lS)-l-iiaida2ol--2-yl-2--m thylpropylaminer the title compound 
was prepared (244 mg, 84%). :NOTt{CDCl3) S .7 .14 (12H, m) , 6.72 

A X (IH, d) r 4.58n{lH,,,d),, 4.49 (lH, <id), 3.92 ,{ q) , 3.80 (IH, 
m), 2.:54,i{5H^: m)^ a.65 (2H, m) ,r:1.20 {9H, s) / ,0.81 {9H, s) , 

5 0.80 (6H, dd):,r 0.05 (6H/d) . . 

d) (2R,4S/5S,^l^S)-•5--(trbutoxycarbonyl)axnino--4-•hydroxy-N-(l•- 
i.sopropyl-1 V-^dazol-2-yl) methyl-6-phenylT^ 
vphenylprppargyDhexanamide ' 
10 / -r ;: Followinguthe : procedure of Exanqple 9 (d) , except using 
(2R, 4S, 5S, 1 ?S):^5- ( trbutoxycarbonyl) amino-4-t- 
/ !. butyldixnethylsiloxy-N- (1 • -isopropyl-1 • -imidazol-2-yl ) methyl- 
. i . 6-phenyl-2- { 3-phenylpropargyl) hexamamide , the t it le compound 
r was prepared, (161 mg, . 7?%):. . NMR((a>Cl3) 5 7.24-6.98 (lOH, m) , 
^15^: 6;68,(2H,3S); 5^20 (IH^ m)>;4.52 (IH, d)> 3.49 (2H^ m)> 3.06 
,u^b (IH^ m), r2.56 (5H> my^x2.04 (IH^ m) ^ 1. 61: (2H^t m)vn 1 .26 (9H, 
s), 0.68 (6H, dd); MS m/er 581.2 (M+Na)+, 559.2 [M+H]+, 541.4^ 
503.2^ 485.2, 459.2, 441.2. 




Examplft 13 : 



: ; Preparat i on of f ?R. 4S > 5S . V S> -5- f i flonropoxynarh^nnvl > am^ 

o a)r (2RV4S, 5Srl'S)^5-aiaino-4-tHbutyld^ 
\ 1 isopropyl-1 • -iinidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 

-> liexanamide '^^^■~':t'^ ^r.>.->v. ^ : <- !\:-'^.}.- : ^ • 

i r: u ; The'product of Exaxnple 1(c) (0.20 g, 0.31 mmol) was 
30 :^ dissolved in /trif luoroacetic acid and . stirred at room 
^ (jtemperature *or 5 mih, and partitioned between c 

dichloromethane and saturated aqueous Na2C03 . ) The .organic 
. f - extract was dried over Na2C03, filtered and evaporated to 
; afford, the -title compound ,(Q.17 g, 100%) which was used 
35 ( without: further purification. > 

b) (2R, 4Sf 5S, 1 'S) -5- (isopropoxycarbonyl) amino-4-t- 
butyldimethy Is iloxy-N- [ 1 • -isopropyl-1 • - (N • - 
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isopropoxycarbonyirimidazoi-i-y^^ 
^ " phenylmethyl-hexanamide fce.^^qi^^^^ 

A mixture contain ingf "the compound • ot 13'(a) ^(0.17 g, 0.31 
nanoi) / isopropyi chlorbforiaate (0 • 62^ xnL;' 'IM ^iji 
5 dichlorometliane/ 2 eq) and 4-d t metliyl^ninopyrlciihe' (0115 g, 2 
eq) in dichloroineth2tne (40 idL) was allowed to stir at room 
^ temperature overnight tander ari argon' 'atmbspliere. I 'The mixture 

was then partitioned between- dichlorometha^hei/and saturated 
aqueous Na2C03/ and the organic -extract:: was rdried: over ^^N^ 
t '-10 The solvent was removed In xracuo,- .andythe>/re^idue was i 
purified by flash chromatography silica; , 4%. S^ v- > 
methanol/dichloromethane) to; afford: the^ tit lis: coir4>ourid'y(0^i 
. g, 96%) V NMR(CDCl3) 5t7.35-6w78v(12H,>;m)>: 6v57^aiHr d)/ 5.61 

(lEi dd), 5.19 (Itf/ m), 4:86:^' (IH, mH^ 4'i77 (IH^ d), 3.97 (IH, 

15 q), 3.63 (IH, t), 2;88^(1H, dd)> 2.70-2.48 J(4Hr 3 m) > 2.06 (IH, 

m), 2.00-1.85 (IH, m);; 1.79-1.64 (IH^ m)/£1.45 (6H^ dd) / 0.94 
. (9H, S)r 0.85 (6H, d),X0.12 {6H^ d);b 

c) (2R,4S,5S,l'S)-5-(isopropoxyc2Lrbonyl)amino-4-hydroxy-N- 
20 (1 '-isopropyl-1 '-imidazol-2-yl) methyl- 6-pheny 1-2- 
phenylmethyl-hexanamide 

y. ■ To a solution of the compound \ of IJ.3 (b) ;Xf(0:. 2147 g) in 
methamol, excess aqueous HCl L (-^5 eq);:;^sr;addedr^;:i^The 
resulting solution was allowed to stir^ at irooitivi^ 
25 overnight r and was concentrated under reduced pressure.- The 

:^ residue was, diluted-withfH20,t/emd baBified^;w^ 
i\ ■ Na2C03 . : The mixture was extracted Jwith^ dichloromethane/ and 
the combined organic extracts were dried over Na2C03. The 
isolvent was. removed iinlvstcvo^ : andcthe^ residue :'w^^ 
30 flash chromatography (silica, 4% miBtihanoI/dichlordme theme) to 
afford the title compound (0> 150,, g;; 973) v>t:;NMR(CDCl3) 5 7.32- 
: 6.96 {13H, m), 5.48 (IH, d) ; ^ 5 . 08 ^ (IH/^^m) 5 . 00 n(iH> s (br) ) , 

- 4 .87 (IH, m) , 3 .78 '(IH, m) , . 3 :62 - (IH,' *m) , ; 3 .25 (IH/ m) / 2.96- 
2.67 (4H, m), 2.29 (IH,. m) , lV95-l. 65 ;(2H/;m> ; 1.25-1.12 {6H, 
35 dd), 0.80-0.60 (6H, dd) ; MS m/e .521. [M+H] +; 519 : (M-H) -.U 
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. P C V : ? d)J K (2R;.4S> 5S , 1 • S) -5-r Cisoprppoxycarbonyl ) amino-4-hydroxy-N- 

: bt> ( 1-' -isopropy 1-1 •-ijaida2ol-2-yl) methyl- 6-phenyl^ 
f j r^r :r:7> phenylmethyl-hexM , . 

^^^ ^ ^^^^e product Jofrl3*{c) v(100:mg,. .0.192 in^ dissolved 
.05,5 . in^methanoifHlO' mL) and a IM solution of HCl in ether {0.192 
r v i r. mL) was'added. The solut concentrated by rotary 

- - i • u evaporation. .without heating/ and the residue was trituated 

o- ( with ether and dried under vacuxim to afford the title, 
c^ .v ;* (conrpound (104 mg^.^98%) NMRCCDaOD) 5 7.30 (2H, s) , 7.21- 
> 10 6V:88(10H,. m), 4•61^:(2H, . m) , 3.65 (IH, m) , 3.48 (IH, d) , 2.99 
^u-; - ^(iH, m)^ 2.87 (IH, m)-,) 2.74-2.56 (2H, m) , 2.12 (IH, m) , 1.75- 
• : 1.50 (2H, m), 1.17-1.00 {6H, dd) , 0.90 (3H, d) , .0.64 (3H, d) . 



15 



< V/ -r prftPftrflHon of f2R.4S.5S.1 >Sl-S-^m^n^^1r>^^of Hovx/OA^H^r^Yl^ 

Phenyl -2-phenvlTnftl-hvl-hf>van«in^ rto . , 

20 : -a) ben2yloxyethyl-(4-nitro)phenylcarbonate o: 
o Uf Tb^a solution' of ^2-*en2ylo3cyethanol^ inmol) 
18 ^: and bis (4-nitrophenyl) carbonate (5.0 1 eq) in 

dichloromethane '(200 mL), N-methylmorpholine (1.81 mL, 1 eq) 
was added. The resulting mixture was allowed to stir at room 
25 temperature for 3 d. The reaction mixture was washed^; 

successively with :^H20/ and saturated aqueous NaCl and dried 
over Na2S04. The solvent was removed in vacuo, and the 
^ ' -^residue^ (silica, 20% 

v: a'ethyl ■ acetate/hexanes) to afford' the title compound (4.38 g, 
30 84%). NMR(CDCl3) 5 8 .26 (2H, m) y 7 .34 (7H, m) , 4.62 (2H, s) , 
4.49 (2H, t), 3.70 (2H, t) . 

b) (2R, 4S, 5S, 1 ?S) -5- (benzyloxyethoxycarbonyl) amino-4-t- 
c butyldimethylsiloxy-N- [1 '-isopropyl-l (N'-benzyloxyethoxy- 
BS carbonyl) imidazol-2-yl) methyl- 6-phenyl-2-phenylmethyl- r 

:ns^u .)uhexanamidel 1o - ^r.,. :»r. ;? ■ i- . - 

r L Toca solution- of the compound of Example 14 (a) (134 . 5 
I' - I'-'^f ' O'.ZA: Tcmol) in dichloromethane (40 mL) under an argon 
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- ; atmosphere/ benzyloxyethyric4— hitiropHenyr. .ca^ 2 
eq) and 4-di methylamiiiopyridine ! (60 :nig,v < 2> :eq) ! ^werie added . 
Tlie resulting mixture was allowed ^to istir^ atr room: temperature 
overnight/ and was ^ diluted with ^?dichloromethaLne• The organic 
5 extract was washed successively witK/aqueousLNaaCOs/ H2O/ 
aqueous NaaCOa and H2O/ sihd dried :0 verb ka2C03;n? TO solvent 
. was removed in jtslcuo, and the residue t was. purified^ by flash 
chromatography (silicav 4% methanol/dichloromethane) to 
afford the title, coirpbund; (180 :mg, 82%) . > KMR (CDCI3) 5 7 .45- 
10 .6^80: {22H, m), 6. 62 : (IH, , d) 5V60 (IH, t) / j5.06Viv(i^^ d) , 4.60 
{2H/ s)/ 4.52 (2H/ s) /^ 4.50; (2H/ m) >) 4:;31j (IH/ m)>)4.07 (2H/ 
;m)> ,3.80 (2H/ht)/ 3>68 (IH/ q) /i; 3; 57r (1H> q)>j 2v85;: (IH, m) , 
2.77-2.41 (4H/ m) / 2.09 (IH, m) , 1.90 (IH, m) , 1.73 (IH, m) / 
0.95 (9H/ s)/ 0.81 :.(6H/. dd) / 0.11 {6H/ d) . 
15 c\ 
c) (2R> 4S, 5S, 1 'S) -5- (benzyloxyethbxycarbohyi) aua^ 
i. ' ■ N-(l'-isopropyl-lV-imida20l-2-yl)methyl-6-phtoyl-r2-- 
phenyimethyl-hiexanamide: V- '"r:" jj^^ 

Following the procedure of Exanrple 13 (c) / except using 
20 the coitqpoundiof Exanqale 14 (b) (160 :mg) v:/tJie /titles 

was prepared (100 mg/L81%) . rNMRCCDClsr- CDsOD) 5 7.40-6.79 

(17H, m)/ 4.55 (2H/ s)v 4.45 (IH/jWd)^^! 4:20? :(2H/^m^^^^ 3.80-3.45 
(5H/ m)/ 2.95-2.66 (4H/ m)/ 2.59 (lH/> dd)/ f 2. 07; (1H/ m) , 1.71 
■ . (2H/ m)/^ 0.80 (3H/ ^d) / 0.68 (3H, v,d) . -bh > z^^.: 

'-v^ ^ - % ,^ Example- r /-:^:^;^r•::^0^^^ 

Preparation of f2R. 45?. Sf?. 1 -S- (mftthoxvnarbonvll aTnino-4-> 
hvdroxv-W-fl *-iSQPrQPvl-T-imidazol-2->vl^ methyl^C-phenyl-^- 
30 phenylmf>thyl-hf^yanaTniri<> r v: . :) 3 < f t = . I j^ -i ov: 

' » 0\* . ? . , { ) . ? 

a) (2R,. ASr 5S, 1 'S) -5- (methoxycarbonyl) amino-4-t- 

> butyldimethylsiloxy-N- [ 1 • -isopropyl-1 • - (N • ^> , . r 

« 

i! , methoxycarbonyl) imidazol-2-yl] methyl-6-phenyl-2-phenylmethyl- 

35 hexanamide - . . •v.n-V Ly-'? ~ i^^^y/r^ 

Following the procedure of Example 13 (b)> except using 
: . J {2R, 4S,5Sri'S)-5-amino-4-t-butyidimethylsilo^ 
. isopropyl-1 ' -imida2ol-2-yl ) methyl- 6-phenyl-2-phenylmethyl- 
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hexanamlde, the title coinpound was . prepared (89%). 
v^ .= d), 5.58 (IH, dd) , 

4.91 (IH, d); 3.96 (3H, s), 3.95 (IH, d)/3.66 (lH,-t), 3.60 
(3H, s) ,, 2.85 (IH, m),. 2.73-2.40 (4H, m) , 2.08 (IH, m) , 1.90 
5 (IH,, m), 1.69 :(lH,m),. 0.95 (9H, s) , 0.85 (6H, dd) , 0.14 (6H, 

■■ v.. r;.:.i i-. : \:. : :. ' - , 

b), (2R, 4S,5S, 1 •S)-5- (methoxycarbonyl) amiho-4-hydroxy-N- (1 
isopropyl-l •-imida2ol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
10 hexemeunide. 

Following the procedure of Exan5>le 13(c), except using 
the coinpound of Example 15 (a) , the title compound was 
■ v c/i. prepared. J^^^^^ 5 7.23-6,60 (12H, m) , 4.38 

r - ■ v^^^ (3H, s), 3.33 (IH, -m)/ 2.95 {IH, 

15- m), 2.82-2.40 (4H, m), 1.95 (IH, m), 1.64 (2H,.m)v 0.69 (6H, 
dd) . ^ 

.20: Prftpnrnt i nn of f ?R . 4S . . i » /o<->>»^.»»T.>.onYT \ 

Ut) : PhenvlmftfchvJ -hftyanam< rfo ■ -v . .. . - 

a) (2R, 4S, 5S, 1 • S):-5- (ethoxycarbonyl) ainino-4-tr 

25 butyldimethy lsiloxy-N-[l' -isopropyl-l '-(N •- 

v: .p. ethoxy<^ 

^-hexanamide:- -i ; ■ -A : .'. . v.:..-::r ■. ' . 

;;j _ Following ;,the procedure of Example 13(b), except using 

a (2R,.4S, 5S, 1 ! S) -5-amino-4-t-butyldimethylsiloxy-N- (1 • - 
30 3 1- isopropyl-l • -iiaida2ol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
f■ : . ihexanamide.and ethylchlorofprmate, :the title coii5>ound was 
i". iPrepared (90%) . NMR(CDCl3) 5 7,35-6.77 (12H, m), 6.55 (IH, 
d), 5.60 (IH, dd), 4.86 (iH," d), 4.41 (2H, m), 4.15-3.90 (3H, 
m), 3.66 (IH, t), 2.87 (IH, m) , 2.75-2.45 (4H, m), 2.08 (IH, 
35 m), 1.92 (IH, m) , 1.70 (IH, m) , 1.45 (3H, t) , 1.18 (3H, t) , 
0.98 (9H, s), 0.85 (6H, dd), 0.13 (6H, d) . 



wo 93/02057 



, <^PCiyUS92/0«M7 

52 - 



b) (2Rr 4S, 5S, 1 • S) -5- (eth6xycarl3onyl):^nijio-4-^^ (1 
isopropyl-1 * -"imidazol-2-yl) methyl- 6-phehyi-2-ptiei^^ 
hexanamide - ^ '"'^ 

Following the procedure of Ekampie 13(6) , except using 
5 the coii5>ound of Exaii5>le 16 (a) 'the t:itliB con^ibtind was' 

prepared (95%). NMR{CDCl3/ CD3OD) 5 7.25-6,75 (12H, m) r 4.43 

(IH^ d), 3,95 (2E, q) , 3.61 (IH, q) , 3.40 (IH, m) , 2.85 (IH, 
m)V 2.80-2.40 (4H, m), 2.05 (1H> m)V ^^^61 ^C2H;i:t)V^ 1.11 {3H, 
- t), 0.72 (3H, d), 0.55 (3H, t)';-^^ ^ 

Example ^ 17 ni: - d 

. ..... ■ . {*- ' ■ b^^'!JC^xi--^ : -^dj 

PrftPfiratinn of f?Rr4.S)5?7>l \*7)-5"ffr*hut,oWnflrbon 

hydrQvy^W^ H '-i?n< da ?:Ol^g-vlV methyl -g-phftny 1-2- 

15 f3-phenyl-2-p!ropf*Tiyl) hexanamide ,F > 0^ c 

a) (3R, 5S, 1 ' S) - (1 • -t-but03cycarbonylamino-2 • -phenyl) ethyl-3- 
(3-phenylprop-2-enyi)-tetr£Lhydrofuran-2-one 

Following the procedure of Example 12(a) , except using 
20 cinnamyl bromide' (0.485 mL) as tdie- alley lating agent, the 
title compound was prepared; (0.51^g;X75%) il^:- 8 

7.35-7.10 (lOH, m), 6.43 (IH/ d) , ^ 6:09:i (IH/ ^iti) V^^^ (IH, m) , 

4.48 (IH, q), 4.00 (IH, t (br) ) , 2.96-2.55 (4H/m), 2.53-2.21 
(2H, m), 2.05 (IH, m) , 1.35 (9H^ s) V ^ vCK. a 

b ) ( 2R/ 4S / SS ) -5— ( t-but oxycarbony 1 ) amino-4- t-but y Idimet hy 1— 
siloxy-6-phenyl-2- (3-phenyl-2-propenyl) hexanoic acid 

Following the procedure , of .{Example ri2 (b) V excep^^ using 
the compound of Example 17 (a) ^ the title - compound Cwas 
30 prepared (77%). NMR(CDCl3) 5 7:.40-7.05^(10H>:] m)> i6.48-6.00 

(4H, m), 4.78 (IH, d), 3.94 (IH; q) , 3.80' = (iH, m)'/ 2.89 (IH, 
m), 2:83-2.26 (4H, m) , 1.90 (IH, m) , 1 J59 (IH, m)v 1 .28 (9H, 
s)r 0.90 (9H, s), 0.08 (6H/ d) . ' r ^ v ^ :c 



wo 93/02057 



, PCrAJS52/06047 



- -.53 - 

,^J^y SOO (2R,i4S;5S,lfS)!r57i(fe-but03r^carbonyl)amin 

butyldimethylsiloxy-N- (1 '-isopropyl-l •-imidazol-2-yl) methyl- 
6-phehyl-2-(3-phenyl-2-propenyl)hexanainide . 
r Following: the procedure of Example 1 (c) , except using 
., w 5 0: the coirpound ofi 17 (b) , the title conqpound was prepared (82%) . 
- NMR(CDCl3)j S 7,35-7.15 (lOH, m),^:.^ m) , 6,73 (IH, 

- q s), e:20 (IH, d)V ^6.10-5v88 (IH, m), 4.78 (IH/d), 4.65 (1h/ 
-a ::J- t>, 3.97 (IH^ q)^v/3.76 (IH, m)vv2.7:7 {2H,- d) , 2 .50^2 .25 (2H, 
Hq J m)/ 2.12 (IH, m)., il.70 <1H, m)/ 1.63 (1H; m) > 1.36 (9h/s), 
10 0.92 OH, s) , o:81 (6H, d), 0-09 (6H, d) . r ; ■ - -v 

d) 43, 5S, 1 • S) -5- { t-butoxycarbonyl) amino-4-hydroxy-N- (1 ' - 

j: isopropyl-1 •:-iinidazol-2-yl) methyl- 6-phenyl-2- (3-phenyl-2- 

.) , propenyl)hexan^^tddeP^L^^-^^-• . w^-^"^ j:} ..*-v;.n;-o- 

, as ^ : • : : ; K E^ollowing OtJlier prpcedure ) of ^Example 9 (d> , ^ except using 
^ the compound -of 17 (c)> the title -compound was prepared (90%),. 
NMR(CDCl3f CpaOD) . 5j7;30-7.00 (lOH, im) , 6,7i; (2H/ s) , 6.26 
(IH, d), 6.41 (lH/"m), 3.66 (IH^ d) , 3.50 (IH, d) , 2.88-2.45 
{4H/ ia)P 2;3£-(lH/ m)V 2.23 XIH, m) V 2;06 (IH/ m) / 1 (2H, 
20 m), 1.34 (9H, s), 0.88 (3H, d) , 0.74 {3H/ ^d) . ^^^^^ 
0 ^{?^- 'MS ;m/eli561 ^[M+H] + i ^ ^-^ bou,.)^ic...- oAl -r. y . S^s^^: - 

Xi-^oincD oX;:^:-:) r^nT-^ ;!!vxa^;:vhA^;" ^:.;>r?/^ EyaTnnlA 1 ft ' - ■ .-^y! - bn^ 

^ 25 ^ Preparation of f 2R: 4S;Sf>. 1 'y;V^S- f^^-Wo^cvga^Hr^nvl^ 
xO .itr:hVdrQXV-N--n '-i SOOrOPVl-l r4-nil-rniTnjria^:o1-9 -v1 V1rfi^t>>>y1.fi- 
Phenv] -2*phQnylmf>t-,hy3 -hexanam^ ri*> ..^i 

a) (IS) ^N-^ i(l-.(imida2ol-2-yl) -2-methyl) propylacetamide 
-:^30 o:::/ / u<7^ To-?a rsolutionv^ of Example l (b) - (175 mg) 

in dichlorometharie (10 mL)aat70®C -was added diisopropyl- 

ethylamine) (355 .mg/ ^ 2 . 75 mmbl) - followed by^* acetyl chloride 
c ■ ? y(215 mg,> 2:^75 -mmol) • ^ ^Theoresulting 'mixture was stirred 

overnight r ) washed with saturated aqueous Na2C03, and 
iv35 j 'rconcentrated .t^i The /residue ^ was treated with methanol, stirred 
• ybvernight 'and ^concentrated' under reduced pressure to afford 
X? . ; the title confound = (181 mg, ^ 78%) as -'a white solid. * 
: j; NMR(CD30D) 5 6.95 ,(2H, s) > 4.72 ;(1H, d, J=6 Hz) , 2i35-2.10 
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llRr m), 1,98 (3H,-s),^0.98 {3Hr'^d,aiJ^5;^!3'S20^5 0v82 (3H, d, 

. -r.ii^J M- .^/i^: '-£) •-^:--%L7n;-viq-vi 

b) (lS)-N-(l-(4-nitroimida2ol-2-yl)-2-methyl)ipropylacetamide 
5 The con5>ound of : ExEurrple 18 (a) (290. mg/qil-^i SOvitool): ^ 

. ^ dissolved in cold concentrated ^Ki^O^A- (2 finL) /raiid -a:f ter 

stirrdLng for 15^min,*^90% jHNOa i(0:4 mL) added -dropwise. 

u The resulting mixture; was: slowly: wanned to 40®C and stirred 
} for 2 h. The mixture .was>:thenrpoured onto ice>V and the pH 
10 was adjusted to 4 by the addition rof > solid NaHCOa . The: 
mixture was extracted with ethyl acetate ,(6x) , and the 
, : combined : organic extracts : were ) dried 'oyer ,MgS04; - eind 

- concentrated under Ireduced pressurejitb affdrd rthe title 
con^jound (153 mg, 42%). Nm(C»30D)b.6 7-98; i(aJI/; S)> j 4.70 (IH, 

15 :dr J^6H2)r 2.35-2.15 (IHr-m) /^i 1.98 :i{3H,:v;s)V:cO. 95 (3H,^d, J^5 
? ;H2), 0v85 (3H^ dr J^5 H2);^ MS m/e 475^2 t(2M4^ 
..6 .^(M+Na)+/ 227.2 185i2^^ l€8K0i'r:}$:Q0y 
-civ . - , L ^r: ) hh.r ,ifa\..,^) \ib Jin 

J r t c) ; (IS) -1- (4-nitroimida201-2-yl) -2-methylpropylamine/ 
20 ddlhydrochloride ;salt ^m,o- , .^iiSc) ^t\l 

A mixture of the compound of Example jl8:(b)\;x(153 mg, 0.68 
xMQol) in 6N HCi (2 mL) was heated at 90**d for 12^^ h^^^ cooled 
and concentrated under:;:reduced pressure. The title compound 
was obtained (138 mg, 80%) and iisefd without further 
25 . .purification.,^ NMR(CD30D) i^ .8.12^^(1H/. s):,:^^ i^SO^^a^ 

H2)V 2^45-2.30 (IH^ m)> il.l2 (3H;:jd^^^J^4(Hz:K^^^^^ d/ 
J«4 H2) . ^^:.dJu:.:}VzA:f^--.M:Si:i^l^ 

d) ; (2R, 4Sr5Sr l'S)-5-(t-butoxycarbonyl).amino^4-t-, (i 
30 butyldimethylsiloxy-N- [1 • -isopropyl-1 • - (4-nit roimidazol-2- 
' \ : yl) ]methyl-6-phenyl-2-phenylmethyl-hexan2Lniiderr:>ii: a 

, Following the procedure- of ::Exaii?)let 1 (c) ; iiexcept using 
{2R, 4S, 5S) t5- (t-butoxycarbooyl) amino-T4-t-butyldimethylsiloxy- 
6-phenyl-2-phenylmethylhexeinoic racid? andw (1S)>t1" (4- o 
35 nitroimida2ol-2-yl) -2-methylpropylamine/ f.the title c compound 
was prepeired. NMR(CDCl3). 8 .7^.30-6^ 90 . (IO^.H^k^^ (IH, d, 

J«4 Hz) , 4.70. (IH, d, .Ji=5 ,Hz) r:::4 ^40 a(lH, J^/ cr«?4.^H^ 
. (IH, .J«4 Hz), 3.75:(lfl> dd, J=8> 3 :Hz)?> 2v75-2.30i (6H, m) , 
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1.80-1.5pJ:(2H, ,m).,. 1.25 (9H, s) , 0.85 (9H, s) , ; 0.70 (6H, m) , 
0.05 (6H, d,^ :J-4 Hz) . . 

;,e) (2R,;4S; 5S;.l.'S)v~5- ( trbutoxycarbohyl) ainiiio-4-hyciroxy-N- [1 • - 
: 5 . isopropyl-l (4-nitroiinidazol-2-yl]methyl-6-plienyl-2-: 
phenylmethyl-hexanamide ; :^ . , . 

- ' Following the ; deprotection procedure, of Exanqple 1 (d) , 
except using (the compound of Exainple 18(d), the title 
r: cpmpounjdl was; prepared. ? NMkXCDsOD) 8 7.-90. (IH, s) , 7.40-6.90 
vlO . : (lOH, m) , . 4 . 53, (IH, ; d, J-6. Hz) , 3.70 ,(1H, m) , 3 .50 (IH, m) , 
u 2.90-2.60 ,(5H, ;in) , 2:.00 ;(1H, m) , 1. 90-1.55 (2H, m) , 1.49 (9H, 
s), 0.85 (3H, d, J=4 Hz), 0.70 (d, 3H, J=4 Hz) ; MS m/e 602.4 
.i ; (M+Na)+, 580.4' -[M+H].+, ; 524.4, 480.4 :. 

ExamnlA 10 

Preparation of f2R. 4S. 5S.1 »SY-S-/f-Hw«-owr.ai'V.ony1 \ an»4n»-4- 

livdroxv-N- f 1 '-ethv1-1 '-ini<rta7:o1-g-.YntnAthv1-fi-ph«»nYi-9- 

V Phenvltnothvl -.hAvanaTn< r<o 

.20 . . :r- - ■ '^ -^ -. V. ^ ' 

a ) (IS) -l-carbobenzyloxyamino-l-ethyl-l- ( iinida:zol-2- 
yDmetheme 

Following the : procedure of Example 1(a), except using 
Ctoz- (L) -a-ethylglycinal in place of valinal, the title 
2Stj:L.Con©Q«nd :wasrPrepar 5 7.45-7.10 (5H, m) , 6.90 

(2H,ws)-, 5.65; (lH,;.d, J=6.kHz), 5.10-4.95; (2H, m),.4.40 (IH, 
q, J-5 Hz), 2.00-1.70 (2H, m) , 1.00-0.80 < (3H, m) . 

• b) (IS)- (l-imidazol-2-yl) propylamine v - 
30 ■ Following the procedure of Exan^le 1 (b) , ■ except using 

the confound ' of Example "19 (a) the title compound was 
prepared. NMR(CDCl3) 5. 6.90 (2h;h s) , . 5.00-4.50 (2H, br s) , 
4.00 (IH, t, J=5 Hz), 2.00-1.70 (2H, m) , 1.00-0.80 (3H,- m) . 
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c) 4Sr 5Sr 1 • S) -5- ( t-but:o3!ycarbdnyl)^amind-4-e :A : :.. 

butyldimethylsiloxy-N- [1 •-ethyl-l^'-imidazol-2-yi]metliyl-6- 
phenyl*2"phenylinethyl-hexanainlde 

FollowJLng the procedure of Exaraplgi 1 (c).;-^'except using 
5 (2R^4S,5S)-5-(t-but03^carbonyl)amin6-4-tH3utyldimethylsiloxy- 
6-phenyl-2--phenyline1:hylhexaui61:c^ acid arid thei coit5)bund of 
Exait5)le 19(c)/ the title compoimdrv^s i prepared V^^^^^^^!^^ S 

7.35-6.90 (lOH/ m) / 6.78 (2H/vs) / 6-20 i:(dr : J«5rHz) , 4.80-4.65 
(2H/m)> 4.05 (IH/ q, J^5-Hz)y^'^ Hz), 
10 2.90-2.50 (5H/ m) ,2 .10-2.05 (IH/ m) 1.90-1; 65^1 (3H/ m), 1.40 
(9H, s), 0.95 {9Hr s) , 0;90-ti.85 (SH, m)V 0^50 C{6H/ s) . 

. • \.\\ > ^ U^A ^- ,b .RJ-; ^0 
d) (2R, 4S/ 5S / 1 • S) -5- ( t-butoxycarbonyl) aiatho-4-hydroxy-N- [ 1 ' - 
ethyl-1 »-imidazol-2-yl] methyl- 6-phenyl-2-phenylniethy 1- 
15 hexanaiaide : 1 X 

Following the procedure of Exaix^le 9 (d)^ except using 
: the compound of Example/ 19 (c) , ' theV title confound r was 
prepared. NMR(CD30D) 5 7;40-7^00 -(10H/_^m) 6.85{ (2H, s) , 

3.60-3.50 (2H, m) , 2.95-2.60 (5H/i^ni)v :^ 11 95-1/^52^^^ m) , 
20 1.48-1.26 (9H, m), 0.8-0.9 (3H, m> . 

MS m/e-521.2 ■ [M«[]+; ;503.4, 447 .4^-:<fd.i^i/>o--/^^^ 

Example 20 .ir^.^Xo i 

25 Preparation of f2R>4St5»S>l\*?)"5-ft-butQxycarbonyl)aminp-4-- 

phenylmethyl-hexanamlde r r^;; t , ( h 

Following the procedure of Exeunple: 19 (a) -19(d) ^ except 
30 st^bstituting Cbz- (L)-a-propylglycinal >foroCbz-(L)-a- ; r 

:^ ethylglycinalr the title fCon5)ound; was preparedi^ Data for the 
intermediates of this synthesis' were: '-'j^' ■ i >r 
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; uir xi:. a) (lS).Tl-carbobenzyloxyamino-lrpropylrl-.{imidaz 

j: yDmethane. :nvNMRCCDCl3) ^8 ;7 .40-7 . 10 (lOH, ,m) , .6., 65 (2H, s) , 
/rr 5.55::(1H, d, J»6 Hz) / 5.10-r4 . 90 {2H, m) , 4,65 (IH, J=5 
^^Hz)T 2.05-1.93 i(lH, m)/ 1.90-1.75 (IH, m) , 1.45-1.20 (4H, m) , 
i 5 ^ 0.95-0.85 (3H^ m) , . " ^ o 

b) (lS)-l-(imidazol-2-yl)butylamjLne. NMR(CDCl3) 6 6.90 
s), 5.10-4.40 (2H^; s(br) ), 4.05 (IH, J«5 Hz) , 1.90-1.55 
■ (2H/ m); 1.45-1.20 (4H, m), 0.95-0.80 (3H, m) . 

— :iO L> ' ; : . - 

0 . c) (2R, 4S, 5S; 1 'S) -5- (t-butoxycarbonyl) amino-4-t- 

butyldimethylsiloxy-N- [1 • -propyl-1 » -imidazol-2-yl] methyl- 6- 
, .,phenyl-2-phenylinethyl-hexanamide . NMR {CDCI3) 5 7. 35-7 . 00 

(lOH, m), 6.78 (2H, s) , 6.22 (IH, d, J-5 Hz) , 4 .85^4 . 68 (2H, 
15 m), 4.003 (lH,q/rJ-3 Hz), 3.75 (lH,dd,. J«10, 3 Hz) , 2.-80- 
. 2.50^ (5H, m) ;^2.12-1.95 (IH, m), 1.90-1.60 (3H, m) , 1.40-1.20 
(13H/ m)V 0.9b (9H/ s), 0;87-0.80" ^ m)v 0.07 {6H, s) . 

d) {2R, 4Sr SS, 1 'S) -5- (t-butoxycarbonyl) aniino-4-hydroxy-N- [1 
20 propyl-l»-imidazol-2-yl]inethyl-6-phenyl-2-phenylinethyl- 

hexanairdde. l . NMR (CD3OD) 6 7.40-7.00 (lOH^ m), 6.90 (2H, s), 

(2H/ m), 2.90-2.60 (5H, m), 1.90-1.55 {4H/m), 
1.45-1.20 (i3Hr m) ; MS m/e 535:4 [M+H]:+: - { 

r25LYajo/: ilr -"it---u.7: Examplfi 21 ; } 

V ^ ! -Preparation of (2R> 45;. SS. 1 '5?^ -S- /fr-bnt^Qvyrarbnnyl \ 
' ^ hydroxv-N-ri '-isoproov3-1 f4-brQTnniTnidagQl>!>-v1 ^ Im^f hyl-g- 
phenyl-2"Phenylinethyl-hftxanaimidfi 

> a) (IS) -N-1- (4-bromoimidazol-2-yl) -2-methylpropylacetamide 

(IS) -N-1- (4, 5-dibromoimidazol-2-yl) -2-xnethylpropylacetamide 
: ^ V - ~ v^To a solutdLon of (lS)-N-vl-iinidazol-2-yl-2-; 
35 -^methylpropylacetamide (1.58 g, 8.73 iranol) in 95% ethanol 

(30 mL) , 2,4,4, 6^tetrabroinocyclohexadienone (3 . 93; g, 9 . 60 
^ > mmol) was added; The. resulting mixture was stirred at room 
: ' : tenqperature for 30 min, emd was concentrated in vacuo. The 
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residue was dissolved inf dichlbrome thane; washed with acpieous 
NaHCOa and dried over Na2S04. " The ^^^^^ in 
vacuor and the residue was purified /by flash!: chromatography 
= o zo afford the title conqpound (650nmg,i:29%);ia , NMRXCDCI3) 5 

5 .7.70 (IH, d, J=7 Hz), 6.85 (IH, s) , ^4 •67^ (lH>ot>^: 0^7 Hz) , 
2.35-2.25 (IH, m) , 1.95 (3H, s) , 1.05 (SH, d, J=5 Hz)/ 0.80 
{3H, d, ,^5^H2). ^ ----r^--^ ■^jo,;-!;;JK::-^■-^-■^(^Xy 

Also isolated was (IS) -N-l-(4v5^dibromoimidazol-2-yl) -2- 
methylpropylacetamide (50 ,mg, :8%) : : .NMR(CDCl3); Si4.68 (IE, t, 
10 J=7 Hz), 2.38-2.25 (IH, m) , 2.05 (3H, s),,li05 (3H, d, ;J=5 
Hz), 0.85 (3H, d, J-5 Hz); MS We 340i0n[M+H]:t; i280.8. 
' v-- -. ■ : - ^ ■ ■ / *\ ■^^"X:^<oA ^ :/-^i^::*^m,^J^AX^ 

b) (lS)-l-(4-brbmoiittidaz61-2-yi)--2-m^ 

■ - ^ *; dihydrochloride - _ ' % - i'i .HS) m a ^im' .nOlj 

15 Following the procedure of ::Exaiaple?:18 (c) ; = except using 

= '-^ ^ L (IS) -N-1- (4-bromoiiiiidazol-2-yl) -2-methyipropylacet amide, the 
- title compound was prepared. KMR(CT30D) (S 7. 6^ s) , 4.35 

(IH, d, J=7 Hz), 2.50-2.38 (IH, m) , 1.10 {3H, d, J«5 Hz), 

--0.82 (3H,. d, .J^S.Hz).. -.1-.. j]-:: 

c) (2R, 4S, 5S, 1 • S) -5- { t-butoxycarbdhyl) aroino-4-t- :i>;l 
butyldimethylsiloxy-N- [1 »-isopropyl-l •,-:(4-bromoim±dazol-2- 
yl) ] methyl- 6-^hexiyl-2-pheny3jaethyi^hexeuiamid^ 

Following the procedure of Example 1 (c) , except using 
25 (2R, 4S, 5S) -5- (t-butbxycarbonyl) ak£ho-4-^ 

6-phenyl-2-phenylmethylhexanoic acid and (lS)-l-(4- 
bromoimidazol-2-yl ) -2-nfethylprdpylaiiiine • d ihydrochlbr ide , the 

■ vtitle conqpound was:,prep£ired. NMR(Cn)Cl3)t5 (lOH, 

m), 6.70 (IH, S), 6.45 (IH, d>t. J^5 Hz)yr4^.8 Hz), 
30 4,40 (IH, t, J=5 Hz), 4.02 (IH, q, J=4 Hz), 3.78 (IH, dd, 

J«7, 2 Hz), 2.90-2.30 (9H, m) ,v. 1 . 85-1 . 60 c(2H,( m)>, 1.45 (9H, 
s), 1,00 (9H, s), 0.85 (6H, t, J=4 Hz), 0.10 (6H, .d, J=6 Hz) . 

d) (2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 * - 
35 isopropyl-1 ' - (4-bromoimidazol-2-yl) ] methyl- 6-pheny 1-2- ■ r 

phenylmethyl-hexanamide n < --^i ^ . i> ; : , c , u:.: :>-:) 

Following the procedure of Examplei: 9 (d), , r except using 
(2R, 4S , 5S, 1 ' S) -5- ( t-butoxycarbonyl) amino-4-t-butyldimethyl- 
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:siloxy-N- [l-'nisopropyl-l (4-bromoimida2ol-2-yl) ]methyl-6- 
phenyl-2-phenylmethyl-hexanamicie, the title compound was 
prepared. NMR(CTCl3) 5 7.40-7.00 (lOH, m) , 6.70 {IH, s) , 
6.55 (IH, m)r 4.90 (IHV d, J=5 Hz), 4.50 (IH, t, J=5 Hz), 
3.75-3.55 (2H,':ro), .2.95-2.65 (5H, m) , 2.40-2.25 (Ifl, m) , 
1.90-1.60 (2H, m), 1.48 {9H, s) , 0.80 (6H, t, J=6 Hz). 
MS m/e7j513,.2 [M+H]+; 535.2. r . ; 

. ; • .. £3£ainBlfi_22, , 



10 



,F 6-PhftTlv1-?-phgnYlTnf>t;hvl-hp. xanaTnirtg 

GJ:) Xonjf;ry«Pi ill v.; o; ^ • ■ • -^r.: .< 

15 Following,: the procedures , of; Exan?>les 18 (c) -18 (d)- and 

.=vi9 (d) ,^,except tsubstituting c (IS)-N-l- (4,5,-dibromoiinidazol*-2- 
- -^yl)r-2rmethylpropylacetainide for (IS)-N- (i-4-nitroimidazol-2- 
ii r yl) -2methyl) propylacet amide, 0 the title compound was prepared, 
ilri^. Analytical data -for the intermediates of this (synthesis were: 

a) (IS) -Ir (4,S-dibromoimidazol-2-yl)-2-methylpropylamine, 
a»; b rdihydrochlpridei ? NMR(Cp30D),;.6, 4.10-3. 90 (IH, br;s), 2.30- 

■■ ^ 8 <2:iO-5(iH, s(br)),::i;iO.(3H; d, J-5 Hz), 0.85 (3H/ d, J-5 Hz) . 

^'■0 ■ . (.^:H ? ^ ,B -, ',■ ,y ^ _ : _ , . _ ■ 

05^5: ,b), (2R>4S^;5S,l'S)-5-(t-butoxycarbonyl)aminor4-t-butyl- 
: PC' ;dimethylsiloxy-N-,[ 1 'i-isopropyl-l • r ( 4 , 5-dibromoimida20l-2- 

yl) ]methyl-6-phenyl-2-phenylinethyl-hexanamide... NMR(CDCl3) 5 
7.40-6.90 (lOH, m), 6.38 (IH, d, J=5 Hz), 4.80-4.50 (3H, m) , 
4.00.^(lH,..,,q,,.j=5. Hz),. ,3r72 (1^^ dd, , J=7, 2 Hz) 2.85-2.50 
(5H,.^m)> 2.30 (IH,: br „s), 2.20-2.05 (IH, m) ,j 1.85-1. 65 (2H, " 
m) , 1.38 ;(9H, s) , .0.90 (9H, , s) 0.80-0.60. (6H„ m)., O.io' (6H, 
iq^v-.>..vd, (J^3-HZ) ; V--, o.:iU, ^ ^ ,■ . - ' 



.30. 



c) , (2R, 4S, 5S, 1 VS) -5-,( t-butoxycarbonyl) amino-4-hydroxy-N- [1 • - 
35 r: isopropylrl '.- (4,3rdibromoimidazol-2-yl) ] methyl- 6-phenyl-2- 
. phenylmethyl-hexanamide . NMR(CDCl3) ' 5 -7 .35-6.85 (lOH, m) , 
. , 6. 65 , (IH,. br s) ,, 4,.92 (lH,-id, J-4 Hz) , 4.50 (IH, m) , 3.72- 
- V. 3.50 -(2H, m),r 2.98.-2.63 :.(5H,. m) , 2.15-2.02 (IH, m) , 1,90-1.70 
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(iZH, m), 1.40 {9H, s) ; MS We '693'.:0;2 iM+H]+; ~637;^ 6 593, 
.- 575/^291. • V . v-LvL r V 

Preparatrion o£ f 2R. 4S. 5S - 1 ' SV*5-7^-bbfco3cycarbonvlVaTn^ 
hydroxy-N -ri '-isonropvl-1 f 4-Tnet:hvliinidazQl-2-vl> lTnethvl-6- 
phenyl-2-phenylTn et:hVl-hejcanaTnide 

10 . 

a) (lS)-l-carbc>benzyloxyaiiiino-l-is6pr(^ 

- ^■-met:hylimida20l-2-yl)^metaxarie .^ -^^^ '^^^^ !i i^:-^mD:Aimi 

Cbz- (L) -valjiia3;- (1 . 0 - 3 . 9- mliol^y^n^^ (4.3 
mmol, 40% in H2O) were dissolved in inethanol (10 xnL) and 
15 chilled in an ice bath^ -Concentra^^^ mL) 
was added and the reaction mixtiXriB ' was stirred at ^2 
^ overnight- The solvent was^removedj intva:cuo" aSidl^t^ residue 
dissolved dLn 5% HCl (50% xnL) u zmd> ektracted.(~withv ethy^ acetate 
i(3x20 mL) • The aqueous layer was basified^tbipH^ -10 with 
20 solid Na2C03. A tan solid (463 mg) precipitated. The solid 
was purified by flash, chromatography (silica;c:2%-3% 

- methanol/dichloromethane) to- yield the^titlfe-cbnrpound as a 
white solid (180 mg, 16%) mp 163-164%/ 1^ 5 7.45- 

7.35 (5H, m), 6.66 (1H; s)V iS.ob (IH, dr Hz) , 5.05 (2H, 

25 q, J^4 Hz), 4.40 (IH/ t, J^4 Hz)/ 2;45-2^30fe(lH> m)> 2120 

(3H/ s), 0^95 (3HV d, J=4 Hz) , 6r80-^(3Hv ^d;':J5=^4^^Hz) m/e 
■-^^'575.4 (2MW!)+, 288."0 " [W^] + -^^"-"^---^^^ 

^b) {2R, 4S,5S; l'S)-5-(t-but03^carbpnylVamino-^ - 
30 butyldimethylsiloxy-N-[l'-isopropyl-l* — (4-methylimidazol-2- 
yl) ]methyl-6-phenyl-2-phenylmethyl-hexanaiifiide * 

Following the procedure of Example 1(b)— 1(c) , except 
using (2R, 4S, 5S) -5- (t-butoxycarbonyl) amino-4-t- 
butyldimethylsiloxy-6-phenyl-2-phenylmethylhexanoic acid and 
35 : the compound of Example 23(a) / the title confound was ^ 
prepared. NMR(CDCl3) S 7 .37-6. 90 (lOH, m) , 6 . 45 (IH, s) , 

6.38 (IH, d, J=3 Hz), 4.75 (IH, d, J«5 Hz) ,,r4 , 40 (IH, t, J^S 
Hz), 3.95 (IH, q, J«4 Hz) , 3.72-3.68 (IH, m) V )2 . 90-2 . 70 (4H, 
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c;.,- m).,, 2.6qrr2.48,.(lH,. m) . 2.45-2.30 (IH, m) , 2.17 (3H, . s) , 1.90- 
. . ,1.80 (IH, m),,..1.75-1.62^^^ 1.40 (9H, s) / 0 . i95 (9H, s), 

0.75 (6H, t, J=3 Hz) / 61i0^(6H/ d, J=2 Hz)". 

;^v^^:;< '>3'^v:x. j;*":d* - • ) - C ' ; " . : 

, j5 . c)^ (2R, 4S, SS^l ' S) --5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 • - 

isopropyl-l • - ( ) ] methyl- 6-phenyl-2- 
phenylmethyl-hexanamide ~ 
. > . f .^^^^^P.^^ST^.th® procedure of ^Exainple 9j(d) , except using 
the coiiqpound of Exa^ the title compound was 

10^ prepared, " nmr (Cbcia) 5 7 • 38-7 J}0 (lOH,"^ m) ) 6 • 52 (IH, s) , 

^ ; 4.'92.(1H, d,. p=5,^H^ J^4 \Ez), 3,72-3.55 (2H, 

,.^^m>, 2.95-2,.65, (5H, , m) , 2 .35-2 .20 (IH, m)^ .2.18 (3H, s),.1.75 
(2H, br s)^ 1.42 ^(9H,, s)^ 0.7i5 (6H, d, J=3 Hz) f MS m/e 549.2 

■15 ■ . ' ' V! , ' ' ' 

■ - , ^ i'^'^ '.i- w 0 . {. - 

Example 24 

^0 vl^ 1tnf>^hyl-C->ph<=^nYl-::>-phAnylTn<>^hy1-hPixan 

;;f^ (IS) ^l-carbobenzyloxyam^ ^ . , 

..^ t ri f luoromet hyl imida 20172-yl ) methane . , . . . 
vVlJ ) or. i trihydrate (5.35. g,. 2.2 eq). was dissolved 

,25 .^, in water .(16, mL) and 1>1 dibromotrifluoroacetone (5.31 g, 1.1 
o ^q) was. added..,, jrhe. solution , was stirred for 30 lain at 90*C. 
The solution was cooled to 0*C and poured into a O^c; solution 
of Cbz-Valinal (4.22 g, , 1.0 eq) in anhydrous methcuiol (80 
mL) . Concentrated ammonium hydroxide (22 mL) was added and 
30 the mixture, stirred, overnight at room temperature. The ^ 
w„r r,r sol vents., were^^^ white precipitate, which 

was covered with 150 mL of water.,, The suspension was. filtered, 
and the solid washed twice with water. The white solid was 
^ dissolved in ethyl,^acetate/. dried oyer sodium sulfate, 
35 filtered,, and evaporated to a white solid (5.24 g,^ ,86%) ... 

1h1IMR(CD30D) 6 7.45 (IH, s) , 7.40-7.20 (5H, m) , 5 . 05 (2H,' q, 

. ■ - . J=4 Hz) ,^,4.50.^^^ (1H, .d^ Hz) , 2.38-2.10 (IH, m) ,^ 1.00 (3H, 

\"^^l^d,^y.J:=^A Hz) ,' :0t80;'; (3H, d, J=4 Hz) , ^3cNMR(CD30D,;>H-decoupled) 
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S 18.9/ 19.4, 67- 'il7'(q; J^3*^z)^f 12i:2{i;' J^66 Bz) , 128,7, 
129.3, 133(q, J=39 Hz) ,' 138 1 o/ 151 .7 ; 'mS in/e*'342 .6 

b) (2R, 4S, 5S, 1 • S) -5" ( t-butoxycarbonyl) amino-4-t-butyl- 

5 dimethyls iloxy-N- [ 1 • -isopropy 1-1 ' - ( 4-t rilf lubrpmethylimidazol- 
2-yl) lmethyl-6-phenyl-2-phraylmetJiyl-fiexana^ ' 

Following the procedure of Exanarpf^^ 
using the coni)oiind of ExainplW 
butoxycairbonyl) aiiiincr-4-t-butyidimeth^^ 
10 phenylmethylhexeuioic acid, the title compound was prepared. 
' NMR(CDCl3) 5 7.35-6.95 ai Hrm),^6!5b''^{l^ Hz) , 4 .75 

" (lH,'d, J^6 Hi), 4:25 (IH/'t/ Ji4"H^VV Hz), 
3.80-3.68 (IH, m), 2790-2^40^ (5h/ m), 'i.80-f.60^ 

(9H, s), 0.90 (9H, s), 0.80 (3H, d, J=3 Hz) , 0?7t!h'C3Er d, J=3 
15 Hz), 0.05 (6H, d, J=2 H2). :^ 

c) (2R,4S,5S,l»S)-5-(t-butoxycarbonyi)amino-4-hydirbxy-^ 
isopropyl-1 ' - (4-trif lu6romethyrimida2br-2-yl)'] methyl-6- 
phenyi^2-phehylmetl^l-*e3cana3^ 'r'--^-^^^^^--^--^-^- - 

20 Foilowiri^ the pirb 

the compound of Example 24(b), the title compound was 
prepaireci. ^ NMR(CbCl3)"5 7^35^' (IH^ s^ 

4.53 (IH, d, J^5 H2)7'3^68- (IH,' t,^'^J^^ d, J=6 

Hz) , 2 .90-2 .55 (5H, m) 2; l6-r."95 YlHr^ft) /'^^l^S^l .70 (IH, m) , 
25 1.65-1.50 (inV m) / ll'46-^rV25 '{9H, 1^ 

0.65 V3H, d, J^4 Hz)/'MS Wef'^6^^^ 503.2. 

^ - r - Example ^25 ' ' '-^V- 

pbfinVl^?-phf>nylTnf^thyl-heyanam nb rw i-.vc^-o- 5; . • ; 

a) (IS)-l-carbobenzylokycmiinb-l-isoprbpyl-i^^ 
35' "yl) methane ^^-^'-^ - • o - ^ -7 : -a^'-;/-,^ dh;- ^.h:^ 

Following the procedure of Example 1(a) > except 
substituting N-methyl-Cbzy- (L) -valinal f or' Cbz- (L) -valinai, 
the title compound was prepared. ^"'NMR(CDCl3) ' S 7 .45-7 .30 (5H, 
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rn), 6.9,0 (2H,,.s), 5.12 (2H,tS), 4.60 (1H, d, J=6 Hz) , 2.95 
. (3H, s), 2-70-2.53, {lH, m), . 1.02 (3H, ,d, .J-3 Hz), 0.85 (3H, 

. d, ^3 Hz) . ; - .- - '„ ; ; 

.5; • b) (IS) -1-methylamino-l-isopropyl-l- (intidazol-T2-yl) metheuie 
^..Following the procedure of, Exainple 1(b), except using 
-th^ compound of Example i25 (a) , ; the title compound. was 
prepared. ,NMR(CDCl3) , 5 , 6. 95 v(2H, s) , 3.52 (IH, d, J-3 Hz), 
> :^ f.30,.{3Sr s),V,2.10-l-,90^( 0.98 (3H, d, . J=3 Hz), 0.82 

10- (3H, ,d, J=3 Hz).. = : 

' ; c) (2R,'4S,5S,l'S)-5-(t-butoxycarbonyl)amino-4-t- - 

. : butyldimethylsiloxy-N-methyl-N- ( 1 • -isopropyl-1 • -iinidazol-2- 

! \ i. yl) methyl- 6-phenyl-2-phenylmethyl-hexeinamide , > ; 

15 Following the procedure of..Example 1 (c) , rexcept using 

the compound of Example 25(b), the title compound was 
prepared. NMR(CDpi3) 5 7.40-6.72 (12H, m) , 4.82 ;(1H> d, J-5 
Hz), 3.95 (IH, q, J-4 Hz) , 3.82-3.75 (IH, m) , 2,95-2.70 (5H, 
m), 2.51 (2H,s), 2.50-2.38 (IH, m), 2.08 (IH, s), 1.87-1.68 

20 (2H,vm), 1.38. (9H, s), 0.95' (9H, s), 0.88 (3H, d, J"3 Hz), 

u-k0.75MX3E, d, J=3 Hz), 0.05 (6H,r, d, J-7 Hz) . ^ 

■zo d) : (2R, 4S, 5S, 1 • S) -5- (t-butoxyceurbonyl) amino-4-hydro3qr-N- 

c> o: methyl-N- (1 '-isopropyl-l •-imidazol-2-yl)methyl-6-phenyl-2^ 
25 phenylmethyl-hexanamlde = ; . ' >n ■ m , , ; O:/-} 

' - ^ : ' of ; Example, 9, (d) , except using 
nthe confound of Example 28(c), the title conqpound was ' 
prepared. NMR(CDCl3) 6 7.35-6.82 (12H, m) , 4.90-4.72 (IH, 
m), 3.70-3.00 (2H, m) , 2.92-2.50 (8H, m) , 1.90-1.60 (2H, m) , 
30 :• 1.40-1.30 {9H, m), 0.95-0.70 i (6H, m) . . 7 , , . 

MS m/e 549.2 [M+H]+. 

> M^:-.. ■ : Exampl f> 7(i 

35 Prepararion of f?R.4S.5S.1 'R) -S- f ^->.^t-.oxvra^>V^ o nv^ ^ am< no-a- 
hvdroxv-W-n '— i sr>nrr.ttv1-1 M-oaT-hntn«»1-hr.yy i-Tn<rtayo1-9~ 
Y l ) lmftrhv]-6-Phftnvr-2-Phenvlmet-.hv1-hf.yanani-8rt>» 
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a) (lS)-l-carboben2yloxyaxiiino-i-isopropyl-l-(4-- -U- 
? ^ " t rijnethoxyniethyliiaida2ol-2-yl ) inethanet ^ t < * s ^ ^ 

Soditim metboxide (8 mL, 25% in metlianolV 37'i5 : mmol) was 
added to a solution of the compound of Exanqple 27(a) (640 mg, 
5 1.88 inmol) in sinhydrous metlianol " (10 inli) v^^^ 
; mixture was heated' at' 55**C overnight, cooled, and 

concentrated under reduced pressure.- The residue was 
partitioned between ethyi acetate and - Hab, arid the -brganic 
(extract was dried over NaaCOa. The isolvent wa:s removed in 
10 vacuo, Bixd the residue was purified by^flash chromatography 
(silica, 2% methanol/dichloromethane) to afford the title 
compound (545 mg, 77%) NMR(CDCl3) 5 7x.40-7:.2p^^ ( 6.98 

(IH, br s), 5.90 (IH, br s) , 5.08 ;(2H;^s)f/ 4.50 /{IHy br s) , 
3.15 (9H, s), 2.00 (IH, m (br)), 1.00-0.80 (6H, m) ; :MS m/e 
iS^ 378.2 [M+H]+, 346, 332,. 271, 195.: :-,:\S. paty^x, '^rr ._ ill 

b) (IS) -l-cajAbbenzyloxyamino-l-isfdpropyl'-l- (4-^?!^; <i 
^caj*omethoxyimida2ol-2—yl) methane 

A solution of the coxnpound of Exanple 26(a); (540 mg) in 
20 "1:1 methanol/aqueous HCl (10 mL) was -stirred at trooirt 

temperature for 2 h, and concentrated under reduced pressure. 
The residue was partitioned between aqueous Na2C03 , cmd 
dichloromethane, and the organic extract, was drifed over 
; v.Na2C03 and concentrated in vacuo to; affordxthe title r COitqp 
25 (470 mg, 75%). NMR(a)Cl3) 5 7.55. (IH, rbr:cs):, Jv3^^ s), 
c A. 5.90-5.65 (IH, m)> 5.10 (2H, >t, i]n=4 H2)t>a4.60-4.42 (IH, m) , 
3.88 (3H, s), 2.40 (IH, .br s) , l;00-0.80 /(6H> m) ; MS m/e 
332^2 rM+H] + . ' ' ' ' •^r:M;7H^ -W...-^-' •■■ ^^^'^ 

30 c) (IS) -1-amino-l-isopropyl— 1— (4-carbomethoxyimidazol-2- c: 
yl)methcLne . v ^ 

Following the procedure of Example 1(b) except using 
the compound of Exaur^le 26(b>, the title compoxind was 
prepared, NMR(CDCl3) 5 7.62 (IH, s) , 3.97 (IH, d, J«4 Hz), 

35 3.82 (3H, s), 2.27-2.05 (IH, m) , 0 . 95-0 . 75 (6H, m) . 
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a/jot^ d); (2Rr 4Sy.5S#l|^S)^5r-Jt-butoxycarbpnyl)am^ 
o br: diiRethylsiloxy-N-[l»-isoprp 
M Yl);].niethyl-6rpbe 

V V (rll^j: Following the .procfedurejof Example 1(c) ,; except using 
r the,tCOii?)ound> of Example 26(c) .the, title compound. was ^ 

ir, ^n^^^^'^rih^l^F^^ ?c"^-f*^"^-?P m), 6.48 (IH, d, J^4 

Hz), 4.72 (IH, d, J«6Hz), 4.35 (IH, s br) , 4.02-3.87 (IH, 
m), 3.85 (3H, s), 3.75-3.60 (IH, m) , 2.90-2.40 (5H, m) , 1.90- 
1.60 (2H,m), 1.42 .(9H,s), -.0.90 (9H, s), 0.72 (6H, d, j«4 

10 H2), 0.10 (6H, d, J^3 Hz)-.r.;: r vo :: 

^ :- e) ^(2R> ;4S,. 58, l 'S)r5- (t-butoxycarbonyl) amino-4-hydroxy-N- 
= ) [1 V-isopropyl-1 'rr (4-carbomethoxyimidazol-2-yl) ]methyl-6- 
Dophenyl-2-phenylmethyl-hexanamide . ^ i 
15 0 >FollowJLng the procedure of Example 9(d) , except using 
:^^thejCompoundiof Exanple 26(d), the title compoxind^was 
j,.prepMed..^ NMR(CpCl3) ,S 7.4Q-6.8tO^ (12H,. m) , 4.90 (IH, d, 0^5 

h H2)^f-4.50 ;(lH,^br s), 3.90,,(3H,vS>, 3.80-3.60 (2H, m) , 2.95- 
>^^:i 2.585^{5H,rm), ;2.45-2.30 (IH, m) , 1,.80-1.60 (2H, mX, 1.40 (9H, 
20 { s),-0.72 (6H/ d^ .J=4uH2); MS m/e 593.2 tM+H]+, 537.2, 519.2, 

^■;) ^^493.2,- 475.2; -v. i-i , i • . .h- - . .j ^ 

'^^^^•> "'^^ ^> i-' , - - o.r .(J . . (. 

BxflTTiplft ?7 - . .r.Ni 

25 i: ; Preparation of f2R>4S.5S.l \aminn-4^ 
hYdrOXV-N" n '-i SQPrOPVl-1 (4-mf>thvleaT-bonv1 im^ ^9- 

vl) 7methvl-6-nhffnvl-2-phftnvlmefhvl-hevananiiri^ 

a.r a)) (IS).-l^carbobenzyloxyamiiio-l-isopropyl-l- (4- 
30. ii hydroxymethylimidazolr2r-yl) methane. : , / 
. io ..(The i compound of Example 26(b) (0.314-g> 1.0 eq) was 
r jHstirred in anhydrous toluene at:.-:78^C iinder an argon 
j: r: atmosphere . Diisobutylaluminum hydride c ( 3 . 8^ inL, 1 . OM in 
3 virh^xanes, 4.p^;jBq) was,^^^^ the solution stirred at -78*^C 

35 V for 1 1; h. The react ion i^^^ with methanol (0.2 mL, 1.0 

0, eq) The solution was then diluted with Rochelles salt 
solution ((sat.) and stirred for 1 h. The solution was 
extracted with dichloromethane twice and the combined organic 
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extracts were washed successively with satu aqueous 
'r Rochelles salt and ^brihe'L -The 'drganie layet ^was^^^^c^^ over 

magnesium sulfate/ filtered/ aiid evapl5rate<l'tb'^^g^ the title 
J compound as a white solid;^ (0;27; g>H : 94%>»:i^'^ 

5 (5H, s), 6.69 (1H; s), 14 (lE^ W^ -5^.(3^ (2R, 
" ^^), 4.37{1H, t)V2.i:i9 (IH, m)V0^92"^^^ d) ; MS 

'm/& 304.0 ^[M+H]+. • ^ ^ .i ^ "^^^ \h .Hi) . r , ^.vB 

- b) (ISj-l-carbobenzylbxyamino-l-isbprbpyl-l-^X^- ^ i 
10 formylimidazol-2-yl)methaneC : sH ;}. 0/ 0 , i ^rU 0/ 

The compound of Exanqple 27(a) (0.11 g, 1.0 eq) was. 
stirred in anhydrous dichloromethahe at I room temperature 
under an ineirt ctrgon^ atmosphere; Manganeses dioxide! (0.126 
g/4.0 eq) was added atndithe mixture ^ was stirred ; at f room 
X5' temperature overnights After 16 ih^ and? additidhal 2.0 e^ of 
manganese dioxide wds added; -The* reetCtibn^^Waiso comply 
' ^TLC af tfer 2 h. The mixture was ^fi^^ 

* Celite® and the filter icake waS; washed -witli' d^^ 
^ ^ The organic solvent was removed in - vadhio (to %giW^^'^^ title 
20 , compound as a white solid : (0.075 ig ., 69%):i; ) KMR(CDCl3) 5:: 9.57 

(lH,s), 7.54 (IH, s)/7.12 (5h/s)^ 6.43 ^ (iHir dyV' 4 i 9»6 12E , 
dd), 4.43 (IH, t), 2.08 (IH , m) , 0.91 (SH, d) ^ 0.62 (3H, t) ; 
MS m/e 302.0 [M+H]+. - 

' . , . \. 

25 ,c) * (IS, 1 'RS) *l"carbobenzyl6xyamlho-^l"isopr6pyl"l" (4- (1 
hydroxyethyl) imidaz61-2-yl)methanef.lo:i,t"\! f ! r:^^ 

The boir5>ound ofi Example 27 (b) 'A:>:^(0.1^cgMl-^0ueqy : w^ 
stirred in a 3:1 ether/THF mixture at 0**C under an argon 
atmosphere. .Methyl magnesium b2fbmide> (0.^47 .m^^^ THF/ 
30 4.0 eq) was added and allowed to stirt:at ,0**C for 1; 5 h.^ The 
solution was diluted; with '5% aqueous HCi^v?Md made basic with 
solid sodium carbonate. The solution wais extracted with 
ethyl acetate three tdLmes and the cdmbiiied orgiahic e 
were dried over sodium carbonate^ filtered,-' and- = evaporated to 
35 a white solid (0 . 1 g,: 95%) . : NMR(CDCl3) , S; 7 .19 (5H; s) , 6,59 
-';(1H, s), 6.42 (IH, d), 4.92 (2H,dd)^ 4.73 (1H; m>V>2. 09 {IH, 
m), 1.37 (3H, d), 0.82 (3H, d) / 0. 66 . (3H/ d) . t, ; ?l ; 
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d) (IS, - l'RS)-l-amino-l-i8opropyl-l-{4- (l•- 
~ i vm. . hydroxyethyl) ijaidazol-2-^ 
o^;; .rrr. : ?r!The;sCpnpo^ (0.1 g, 1.0 eq) was 

' stirred iji^_;anhydrous,i^^^^ 10% Pd on activated carbon 

5 ( 0 . 020 . g^,.. > Hydrogen gas ,was bxibbled through the solution via 
balloon. for a ,h, and .the reaction was maintained under a 
hydrogen -atmosphere for 3 h. • The mixture was filtered 
.i through a pad -of . Celite® and the filter cake washed with 
methanol. .The .methanol was evaporated to . give;the titlfe 
. 10. .,con?>pundj;aSa a white solid (0.05 g,: 87%) . NMR(CDCl3) 5 ,6.63 
=■ (IH, s):v--4.,72i (lH, dd), 3.61; (IH, d) , 1.92 (IH, m) , 1.49 (3H, 
otd) , 0.84? PH> d)/ 0v67j {3H/ d) .; o r v 

' e) .(2Rir 4S, 5S, l'S,l •.•,RS)-5- (t-butoxycarbonyl)amino-4-t- 
15 butyldimethylsiloxy-N- [1 '-isopropyl-l (4- (1^ '-hydroxyethyl) - 
imidazol-2-yl) ] methyl-6-phenyl-2-phenylmethyl-hexanamide 

To a solution of (2R,4S,5S)-5-(t-butoxycarbonyl)amino-4- 
: ' rt-butyldimethylsiloxy-6-phenyl-2-phenylmethylhexanoic acid 
ry, • :; ( 0 .131;. g;i: 1.0 eq)^. in anhydrous dimethylformamide,- the 
20 compound of Example 27(d) (50 mg, .l.l eq) , BOP reagent 

' <^-v:(0<.ll g, : l.pieq) , and triethylamine (0.04 mL, 1.0 eq) were 
■:^.>.- :^added:r;i The -solution: was -stirred at room teii?>erature for 
. , ; 16 !h^.:.The solution was diluted with water and extracted three 

- timesi with dichloromethane . riThe combined organic extracts 
■25 were V washed, with water, then brine; The solution was dried 
over-magnesium "sulfate; filtered; and evaporated to give a 
' white f foam The foam.was chromatographed' (silica/ 4% 

methanol/dichloromethane): to afford the title compound as a 
white: foam (0 . 11 : g, -65%) . NMR (CDCI3) 8 7 . 3l~6 . 54 (12H, m) , 
30 4.72 (IH/d), 4.48 (2H;d), 3.82 (IH/ q) , 3.61 (IH, m), 2.81- 
, -2 .3 : (6H, m) pCl ; 65 : (3H/ m) , 1 . 48 : (3H, i d) ^ 1.22M9H; s), 0.89 
. (9H,rs)> 0.70 (3H/ d),:' 0.61 (3H, d),;0.06 (6H, s) ; MS m/e 
693-.4 (M+H]t.:.^.|) .;\;, r; 
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f) (2R,4S,5S,l'S)-5-{t-butoxycarbbnyl)amino-4-t- ' 
butyldimethylsiloxy-N- [1 ' -isoprbpyl-l '-^ '(4-iiethyrcarbonyl- . 
imidazol-2-yl) ] methyl-6-^phenyl-2-^phenyl^ 
The coii5)OTmd of Exanqple 27 (e) "^(45^ 
5 stirred in dry dictiloromet-hane imdeir'^ari inert 

atmosphere. Manganese dioxide -'(23 ^'mg, 4'JO'^eq): Sras*%dded and 
the mixture was stiffed at room temperature nf or /^16a h . An 
- additional 2.0 eq of = manganese ' dioxide was wadded "aiid the 
reaction was complete by TLC 'afterSv2=.5 h\ vThe ^mixture was 
10 filtered through a pad Of Celite® ^ and the"' filter c^^ 
washed with dichloromethane. The of ganic solvent /was 
evaporated to give the ; title compound as/^a white solid 
(0.038 g, 85%). NMR(CDCl3) 5 7.49-6.76 (IIH/ m) , 6,30 (IH, 

br d), 4.71 (2H, m)/ 3.86 (1H; q) , 3. 61.^(lHr dd) / 2. 77-2.41 
as (5H/ m), 2.31 (3H^ s)> 1.58 r(2H^ m)-^U1.20 ^(9H,^;j5)ir<0.83: (9H, 
s), 0.69 (6H, dd); 0.04 r(6H,d); MS:xn/e; 6:9^^ 

g) (2R, 4S,5S, l'S) -5- (t-butoxycct2*ohyl)arainb^4-h 
isopropyl-1 (4-methylcarbonylimida201-2-yl) ]methyl-6-phenyl— 
20-^^2-phenylmethyl-hex^mamide' -' V ^^^:<K^v£5^>;.:L::^d\'ai>w ^^C:' 
i The compound of Example 27(f) (38 idg^t l.O eq) was 

stirred in anhydrous^ THFu under an argons ati^ room 
temperature. Tetrabutyl ammonium fluoride (0-. 33: inL; i.OM in 
THF/ 6.0 eq) was added and the i solution i stirred^ for j 16 h. 
25 The solution was diluted with water smd extracted three times 
with dichloromethane. The combined organic ^ extracts were 
washed with water and evaporated : to ariwhite::^ solid; The solid 
was covered with diethyl ether, decantedti twice frrcemd . dried to 
give the title compound as a white ?s61id) (25cmg^^:;79%) . 
30 NMR(CDCl3) 5 7.14 (5H, m) / 6.86 (SHr^ m) ,^ 5 . 14( j (IH, d) , 4.42 

(IH, d), 3.58 (IH, q), 3.45 (lH,^d)/^2i8;6-2.50^(5k, 1.91 
(IH, m) , 1.63 (2H, m) 1.26 . (9H, s) L (rotsmer observed) , 0.70 
(3H/d), 0.57 (3H, d) ; MS n\/e 577 .2 [M-ra] t; % Z;-^ v 
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Prepari a tinn nf f 2R. 4S. .ss. i 's> -s- rfr-h«i-o^r.« r bQnv>3 ^ no-4- 

5 Yl) 1 methvl-fi-nhf-!nvl-2-r>hftnvlin«»t->>Yl - h«>yaTiaiiiS Ho , \ 

! ^ • a) , (IS,. l'RS).-l-carbobenzylo3cyamino-l-isopr6pyl-l- (4- (1 

: hyciroxy-2 Vmethyl)prc^ylimidazol-2-yl) methane 
ri J H on . m FollowJjig ctAeL 27 (c) ,.r except using 

(Pio isopropyl magnesium bromide (1.024 inL, 2. OM solution, 4.0 eq) 
" ' in place =ofi%ethyl 'magnesium' bromide, to ' yield' a crude 

product . .-The crude ^product was chromatographed (silica, 4% 
, ; : methanol/dichloromethane) to, yield? the title' coatpound as a 
white solid (0.155, g ,y88%|:.MMR(CDCl3) 5 7.19 (5H, m), 6.58 
15 (IH, s) , . 4 . 91 (2H, m) , 4 .38 (IH, q) , 4 .20 (IH, dd) , 2 .11 (IH, 
:] ' m),,:.1.83 (IH, m),n0.72-( 346.2, [M+H]+; 328.2, 

. =v 279^0 Uy254,. 0,:^205 . 0,:l177.0, 

al f :ib) v.(lS, l;!R5)-lrainijio-l-isppropyl-l-^ V-hydroxy-2 

b(20 qi methyl )propylimida2ol-2-yl) methane ' .• .- -■ . • ■ 

r u {r'-;.; . .. ; Following 3the procedure of Exan5>le 27(d) , using the 

. ) 5' -compound i-of CExample 31(a), f the title compound, was? prepared as 

y ^ ^. ai^white foam, (96 .mg , (100%) . NMR(CDCl3) 5 (6.65 (IH, s) , 

: 4'.2lT (lHV.;:d).;;t3.90 (IH,: s), 2.22 (IH, m) , . 1.94. (IH, m) , 0.93 
25 a (6B, ^m) ; 0.64 (6H, m); MS m/e 302.0 tM+H] + . c ; 

c) (2R,4S,5S,1'S,1' •RS)-5-(t-but03^carbonyl)amino-4-t- 
butyldimethylsiloxy-N- [ 1 »-isopropyl-l • - ( 4- ( 1 • • -hydroxy-2 • • - 
methyl ) propylimidazol-2-yl) J methyl- 6-phenyl-2-phenylmethyl- 

"30 ■Thexanamide -■Jv ^-.r i;v U....£j-jJ; ^ - .. . . : ^ ' ■ . r : .. :^ ■.. ■. :J' . ...r. 
I;.,: ' hiFollowing. the procedure of Example 27(e), except using 
the compound;iof; Exaa5>le 31(b) (96 mg/ 1 . 1 eq) , substituting 
dimethyl formamide as the solvent instead of dichloromethane , 
■ I and purifying -ther, product- by cdiromatography, 'the title 
35 compound was prepared (168 g, 57%). NMR(CDCl3) 5;7.22-.6.81 
:(riH, . m)',- 6.62 ..(lH,.:d)> 4.71 (IH, dd) , 4.53 (IH, t) , 4.19 
! :.i .(lH,,.d), .3.82 (IH, q),i 3.58 (IH, dd) , 2 . 71-2 .30 (5H, m)-, 2.03 
' Cf(lH, m),Vl;70 (IH, m), 1.57 (IH, m), 1.14 (9H, s), 0.91 (3H, 
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d)r 0.88 s)r 0,78 (3H, d) , 0.67 (3H, d) , 0.59 (3H^ d) / 

0.03 6R, d) ; MS m/e 721.4 [M+H]+, 

■ , d) (2R/4S,5S,l'S)-5-(t-butoxycarbohylOaiQ^^ 
5 dimet:hylsiJ.oxy-N-[l'-isbpropyl-l-'— (4-^^ 

ijnidazol-2-yl) ]metliyl-6-phenyl-2-phenylmethyl-hexanainide 

Following the procedxire of Exajiq?le'^27 (f );/VXe^ using 
the compound of 31(c) . (168^ mg> : IwO^eq):^ antf -chromatbgraphing 
the crude product ( silica /ji 3 %vme1Jiah the 
^ 10 title compound was prepared: as- a white soiid'C(132 mg, 79%) . 
NMR(CDCl3) :8 7.20-6.76; (IIH, m).,^:y,5f05 j,(lH>c;ibr:im)y 3.88 (IH, 

q), 3.61 / m), 3.19 (IH, m) > 2-.80-2.46 c(5H, m).v;i2.22 (IH, m) , 
- 2.07/(lH/m ),f 1.63 (lH,.m)> 1.15 (16H>f5m)t?\0:i89U9H, s)/ 
^ 0.74 (6H, m)> 0.08 (6H;:d) ;-MS^ m/e 719^4 J[M^^ 

e) (2R/4S,5S, l'S)-5- (t-butoxycarbbnyl)aminb-4-hydro^^ [1 
isopropyl-1 • - (4-isppropylcarb6nylimidazbl-2-yl) 5 methyl-6- 
phenyl-2-phenylmethyl-hexanamide 

Following the procedure of Exantple 27 (g) , : except using 
20 the conqpound of Exair5)le 31(d) ^ (132 7mg);;;::the:;1^ 
; r was . prepared as a white foam (90,.mg/:-j81% ) , 5 NMR (CDCI3) 5 7.48 

.(IH, s)> 7.11>(5Hr m), 6^82/(5H/ m)Vv^5^29 (lH;::jd).,.c4.46 (IH, 
m ), 3.54 (IH, q); 3.48 (IH, m) 3^a4^(lH; ^ m) ; 2C74-2.44 (5H, 
> , ( m) v 1^90 (IH, m) 1- 61 (2H,(.;m),; 1.28 . (9H,9;s)^H;(rotamers 
25 observed), 1.13 (6H; m), 0.69 (3H, d)v 0 :-j48 (3H, ,d) ; MS m/e 
605.2 [M+H]+. 

■ ■ - o - ■ ■ . ' ■ - .iV . ^,tc,\<t^om i / 

■:\ ' . "1 - V:.. ... Example 29 .oi J.?- i^£:i:;^jiiTiJ..x^> ■ ■■ 

30 Preparation of f2R. 4S> 5S. 1 «S) -5- f f:-butoyycarbnny lVaTnino-4- 
hvdroxvN- Tl '-isopropvl-l ' - f4-ohenvlcarbonvr-iTT!i dazol-?- 
1methvl-6-phenvl-2*phenvlmethvl-hexanaTnidA.r.H;. ^ 

a) (IS, 1 'RiS) -1-carbobenzyloxyamino-l-isopropyl-l- (4- (1 ' - 
35 hydroxy) benzylimida.zoi-2-yi)methahe^ V^^^^ br; jocr fe *' 

Following the procedure of lExaraple 27 {c)(/;: except 
; : substituting phenylmagnesilm bromide (0 . 45 InL; , 3 :'0M solution, 
4.0 eq) for methyl magnesium bromide, j:£uid; chromatographdlng 
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r/r ^q -v title con^joimd^^^ solid (175, mgr 96%) . 

NMR(CDCl3) 5 7.26 (IH, d) , 7 . 11 (lOH, , m) , 6 .39 (1h/ dd) , 6.08 
(IHy.d) , 5,63. JIH/ d), -4.82 (2H, m) 4,29 (IH^ m) , 2.01 (IH, 
5j m), :0.76 (3H, m),. 0:,,59 (3H, d) , x; - . ^ 

(;i i. b) (ISr.lIRS) -1-amino-l-isopropyl-l- (4- (1 « -hydroxy) benzyl- 
(ru J, inddazolr-2--yl) methane f. ;^:V,: f;:! ' 

o ; „ 0 Followijig the procedure of Exanqple 27 (jd) except using 

10 the coir?)otand of Example 29(a) (98 mg) the title compound was 
prepared as a tacky white foam (65 mg, 98%). 

c) (2R, 4S^ 5S^ 1 1 • 'RS) -5- ( t-butoxycarbonyl) amino-4-t- 
r:£: v jbxxtyldimethylsiloxyrNr [1 •risopropyl-l (4^ (1 • a 
4:.. 15 hydroxy) benzylimidazol-2ryl) ] methyl- 6-phenyl-2-phenylmethyl- 
_ hexan^txnide. ..luJ . S:- a^y.': 

Following the procedure of Exanple 27 (e) , except using 
ithe ppnpc^^ 1.1 eq) , smd 

chromatographing the crude product (2% methanol/ . . 
>jt 20/ .ddLcfh title, compound was prepared as a white 

1,,,,^, s^^ 55%) . .NM^^ m), 4.77 

0. , u(lH;im)>a3;88 ^(lHy":m), 3.61 :(1H^ m) > 2.65->(4H, :m) ^ 2.39 (IH, 
,H?} K m) , 2-15,- (lH,j m)^ rr..94 (IH^ m) , 1.75 .(1H, m) , 1.56 (IH/ m) , 
1.21 (9H, s) (rotamers Observed) r 0.86 (9HrS)# 0.68 (6H, 
25 dd)^ 0.07 (6H, s); MS m/e 755.4 [M+H] + . 

• ;1: d) i (2R>:4S, 55,1 • S) -5- ( trbutoxycarbonyl) amino-4-t-butyl- 
) dimethylsiloxyrN-.[lf-isopropyl-l'r-(4-phenylcarbonylimidazol- 
f/r :2-yl) ]methyl-6-phenyi-2-phenylmethyl-hexanamide 
oaBOiqi, :: fv Following theiprqcedure. Exanqple 27 (f )> except nusing the 
rrfl ( confound: of ^Exanqple:29:(c) : (109 mg, 1.0 ;eq) , the title 
compound i was (prepared: as) a: vAite r solid (80 mg, 74%) . 
; , Nbm(CDCl3) 5 7 m) , 3.88 (IH, q) , 3 . 63 (IH, t) , 

,1; OB.2.87-2.49,, (6H,;m),. 2.11. (2H, ,i&),rl.,6^ (IH, .m) , 1 . 11; ^ (9H^ s) / 
/.,35 w 0.82 (9H, s) , :0.71; (6H, dd) , 0.06 , (6H,, d) ^ MS m/e 753.4 , 



wo 93/02057 >;PCrAJS92/06047 

72 - ' 

e) <2R,4S/5S,l»S)-5-(t-butoxycafbbny^^^ 

isopropy 1-1 ' - ( 4-phmylcarb'ony liiSidtfz^^ 6-pheny 1- 

' ' 2-phenylmetJiyl-liexanainide ^ -^^ ^ ^''^^ ^ U:X^:jO):mm 

Following the ^ procedure' of ^ Exan^ile ^27 (g) except using 
5 the compound of Example 29 (d) *V80 mg^^^^l.'o'^ eq) t^ 

compound was prepared as a white solid (45 mg , 74%) - 
NMR(CDCl3) 5 7 .84-6^77 -(16H, : m)'/ 4 i48 "^(IH^-d) /-^^^^^^ 
3.42 (IH, m), 2. 80-2. 54 {5H, m) , 1 j 99 (IH; m) V lv63 (2H^ m) , 
1\26 (9H/ s) ( rbtamerS'^ observed:) > 0i731? (3H^-d)l: 0.59 (3H, d) ; 
10-" MS m/e 639.2 -[MfH]+.--^ c ^ .r.. ^;;o bcrjc-irm n : 

Eyaniple 30 

Preparation of r2R, 4<;. .S<;. 1 ^qV^5;^ f f--Hiif^nyyriaT^^^ Vam j 
^15 h vdrr>yv-N- n '-isopropvl-l f4-f^nT>mylimidagol-^-yl Vntnethyl-g^ 

phenyl-2-phenylmethyl-hexanainlde ;^':f^rmv ^rt 

a) (lSrl'RS)-l-amino-^l-i'soprbpyl-l-(4-;^^ 
imidazol-2-yl) methane-. nrurvrj .s^rfv-paj:;^!;.^^ v;m.^,1i?r6 ; 
^20- Following the p>i:dcedure of Exaitpl^ 27 usiing 

the compound of Exantpie 27 (a) ( 90 mg) , the titl^' 'cblopound 
was prepared (50 mg^ 100%) .. Nm(CDCl3)^ 5 4.62 

- (2H, s), 3.85 (IH, d, J^4 Hr) , ^2\2t)-2:jp5J (IH/I: m) > 0:;fl 
J-r^i d/ J^5 'Hz) ^ . r-^v ^^^is^/K/.^o-yi) (r-: .;uf 5 ^l::vX " 

b) (2R, 4S, 5Sr 1 *S) -5- (t-butoxycarbonyl) amino-4-t- 

buty Idimethy Isiloxy-N- [ 1 • -isoprbpyl-I • - ( 4 (hydroxy) niethyl- 

imidazol-2-yl) ]methyl-6-phenyl-2-phlsriylmethy^ 

Following the procedure: of Exair^le 27;:(e)>'n e^^ using 
30- the contpound of Example 30(a) (SOlmg), rand chroma 

the crude product (silica/^ 2% methandl^/dibhloromethaiie) the 
title compotind was prepared (130 mg> ; 65%) i . NMR(CDCl3) 5 
- 7.30-6.95 (IIH, m), 4.82 (1h/ d) 4 .50-4 . 60 ^ (inV-my^^^^ 
- (IH, d)^ 3.90-4.00 (IH/ m), 3*60-3.68 - (IH^lm); 2:45-2.80 (5H, 
35 m), 2.20-2.30 (lH,'m)v i.75-1 .85 '(1H> m) , ^ 1. 66-1.70- *(1H/ m) , 
1.30 (9H, s), 0.95 (9H, s) , 0.75 (3H, d) , 0 . 62 • (3H> -^cL) , 0.05 
(6H, d) . 
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c) (2?i, 4S, 5S, 1 • SK-S^ ( t-butOKy 

butyldlxnethylsiloxy-N- [1 '-isopropyl-l (4-f onnyliiiiicia2oi-2- 
. ; yl) ]methyl-6-phenyl-2-pheiiylmet^ 

j Followijig the prqdedure o^^^E^^ 27 (f) except using 

5 the coii5)ouiid, of Example 30 (b).:. (50 mg) , the title -compound was 

prepared (20 mg, 40%). NMR(CDCl3) 5 9. 80(0. 5H, s), 9.64 
. \ .(0.5H,i:S)v 7,. 50-6.90 (llH, ;m) , 6.52-6.42 (IH, m) , 4.88-4.70 
(2H,iim), . 4. 42-4. 32, (IH, m),: 4.02-3.93 (IH, m), 3.78-3.71 (IH, 
m), ,.2..9p-2.40:v(5H,,ra),: 2.30"r2.19 (IH, m), 1.87-1.62 (2H, m) , 

0 ,10 1.45, :(9H,. s)> 0.95 . J9H, s) , 0.87-0.72 (6^ m) , 0,05 (6H, m) 

(rotcuners) . 

F.. d) (2R,4S,5S,l'S)-5T(t-butoxycarb9nyl)amino-4-hydroxy-N- [I'- 
ll! ,} isopropyl-l J- (4-f ormylimidazol-2-yl)]methyl-6-phenyl-2- 
15 phenylmethyl-hexanamide . r o . . . ; ■ / 

Following the procedure of Example 27(g), except using 
the vcoinpoundjof Example 30(c) (20 mg) >. the title confound was 
^ i vpprepared. il2rmg, ,71%) . lJMR((n)30D) 5 9v60: (IH, s) , .7. 65 (IH, 
^ - sY^, ''T. 20-^6:90 (10R,m); A. 52 (IR, d) , 3^60 (IH, m), 3.45 (IH, 
j 20: ud), r2.80-2.45 (5H, m) , ; 2;00-1.88 (IH, m), 1.75-1.65 (IH, m) , 
> i: rni.62Tl.45!:;(lH, ?m),: ■1.27; (9H,;;s), 0.82i (3H/5 d) , . 0 . 62 (3H, d) ; 
,. ..)MS m/e ,563. 4> 242.2, 204.8: ; ■. r. , 

25 ■■• .... 

= Preparation of ^2R. 4S. 5S. 1 'Sl-S- r^-^n^nvyr^al■^nnv^ \ «mir^r^A- 
Jr hvdrOXV-N- n '-i SOPrOPVl-l «- M- th^rtiTn•,r^,m^i■y>y■^ \ -^ nl^ rtar^ol 

vl) 1me1-hvl-6-nhenvl-2~phftnYlni«»t-.hyl-hex anainid«> 

3.30.^ , io) iFollowing the procedure of Exaxnple 27 (g) , : except using 
the -compound of Exainqple 30 (b)^.' (40 mg) the title ^compound was 
prepared; .(20 mg) . NMR(CD30D) S 7.27-6.92 (10H,i. s) , 6.72 (IH, 

1 ; t : ts) > ;4(.52 (IH,: d)vv3^ IH, m) , 3.48 ( IH, d) , 2.82-2.50 

(5H, m), 2.03-1.92 (IH, m) , 1.78-1.67 (IH, m) , 1.63-1.49 (IH, 
35. m).,. 1.28 (9H, s), 0.80 (3H> d),.0.65 (3H, d) ; MS m/e 565.4. 
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: yl 1 oyycayhonyl^ am inQ-4-hydroyy-N'> ri^*'-i's6prdpvl^l '-iTnldazol-2- 
5 y 1 1 met:hyl-g-phen yl-2"pheriy Imefchyl-ft^^ ^^^^^ c 

Following the procedures )of Example 14! (a) -14^' ( 
except using 4-hydroxytetrahydrbthxbpyxah 'in place of 2- 
benzylbxyethianolr' the title coir5>6iJunfii 'Iro^ 
10 Analytical data f or the inteririedla¥es^ of ' t^ 

a) (tetrahydrothiopyran-4-yl) - (4-nitro) phenylcarbonate . 

^ NMR(CDCl3) 5 8;26:: (lH;^^s)> 8c22. (lH/^:s):,.B7.38 is) , 7.33 

(IH, s)r 4.79 (IH, m)7 2:9b-2U5^-(2H,^m);^2l70-2^^^^ m) , 

15 2.31-2.16 (2H, m) , 2.10-1.90 {2H?^ m> -^fv^Lvam Lvn^Wq t 

b) {2R> 4S, 5S; 1 'S) -5- ( (tetrahydrothibpyran-4-yl) oxycarbonyl) - 
aiaind-4-hydfoxy-N- (1 •-isof>rbpyl-l • ^ 

pheny 1-2-phenylmethyl-hexaneunide . hNMR(CT30D)>;r^5t7,12-6.65 
20 (lOH, m)/ 6.64 (2H, s), 5^60 d)J'T4?36f<2H^^^^ (IH^ 

. )q), 3.49 (IHr d), 2.68-2.48) (6H, ?m),, 2.44^2-30 r(3H,/m), 1.93- 

1.74 (3H, m)r 1.70-1.40 (4H, m) , ,0 . 61 ^:{3H, fd)?, OwSO !{3H, d) . 



25 



^ Example 33 

Preparation of r2R. 4S. 55^1 'S) -5* f ftistrahvdr6-4H-Pvran-4" 

yl V oxyca rbonyl ) amino-4"hydroxy-N- fl '-isdpfopy 1-1 '-lmidazol-2- 

y 1 ) methyl-6-phenvl-2-^henvlmethvl^^3^ha^ i j / 

30 Following ^the procedures of Example : 14 (a) -14 (c) , except 

using 4-hydroxytetrahydro-^4H-pyran in place of f 2- :? : I ; 
benzyloxyethanol, the title compound was pfej>ared';^ I 

^ Analytical data for the inteinnediates'l^bf this- sy^ 

35 a) (tetrahydro-4H-pyrah-4-yl) - {4-nitro) phenylcarbonate ..... 
NMR(CDCl3) 5 8.32 (IH, s), 8.28 (IH, s), 7.41 (IH, s)/ 7.38 

(IH, s), 5.00 (IH, m) , 4.05-2.90 (2H, m) , 3.68-3.49 (2H, m) , 
2.17-2.00 (2H, m), 1.95-1.75 (2H, m) . 
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- C b) (2R, 4S, 5S,,1 ' S) -5- ( (tetrahydro-4H-pyran-4-yl) oxycarbonyl) - 

aniino-r4-hydxoxy-N- ( 1 • -isopropyl-l ' -iinidazol-2-y 1) methyi-6- 
: .phenyl-2-phenylmethyl-hexM 7.16-6.89 

; =: vS ; (lOH, m), 6.79 (2hV s) , 4.54 ,(2H, m), 3.82-3.70 (2H, m), 

.3.69-3.62. (IH, m),; 3.50-3.46 (lH,m), 3.45-3.35 {2H, m) , 

) ^ ;2.79-2>65 (4H, m) , . 2 . 64-2 . 45 (3H, m) , 2.00 (IH, m) , 1.82-1.62 

(3H, .m),;a.55-1.45 (2H, m), 1-37 (IH, m), 0.79 {3H, d) , 0.63 

; ' i 1(3H,. d) , . > , . . . .. 

PrflParaf. 1 on of f ?R . 4 S 1 5S . l ' S> -S- tA-rs1 or>1 ^ nvl rs^\ r^r^A^ 
■ hvdrOXV-N-n '-t Ronrowvl-I '-<in<rta-T^1-9-yHTno f>iv1~fi-phony1-.9- 
15 Phenvlmef h v1 -^Avana1tl^ rio 

^ ' ■> ;•. The compound of Exasqple 1(d) was dissolved in neat TFA. 
f r i Afteri, 10 ; min the solution was. > concentrated to provide the 

; famine salt, \ {2R,'.4S,;SS, l^'S) -5ramino-4-hydroxy-N- (1 •-isopropyl- 
20 1 • -imidazol-2-yl) methyl- 6-phenyl-2-phenylmethyl-hexanamide 
.£ rrt ia-rtrifluoroacetate. {iThis ainine. salt (25 :mg, 1. eq) was 
f t . Mr, dissolved in .DMF„4 and f4r^>icolinium-(p-nitro) phenyl carbonate 
rrnxvu :^TPrnitrophenylate. (23 mg, .1; eq) -and triethylami^ (0.04 mL, 5 

bij.i ::q<!r.eq),>i.were added. .r;i The ; mixture was -stirred under.; Ar for 17 h. 
0 . £ 25 Water was added and.' the inlxture;:was extracted with 
,r ■" ) } . ; dichlpromethane .The ;..organic extracts were concentrated and 
; .:; t.hei-.residue .was ^^^^ ether to •■yield, the title 

. i ; ,! .5rCon5>ound (20. mg,. 61%) . : . N^flR (CD3OD") S 8.52 (2H, d) , 7.10 (14H, 
m), 6.87 (2H, s) , 5.07 (2H, dd) , 4.61 (IH, d) , 3.80 (IH, m) , 
30 L 3.59^(lH, .m);> 2.77 c(5H,:.m)> 2,05 (IH, m) , 1.83 . (IH, m) 1.60 
i ,KlH,; m) , 0.8.4 K(3H, d),i 0,. 59 (3H, d) ., . ; 

MS m/e570. 5k [M+Hl+VL. .u . ! , .. 

--i^v- ■ ...o- obOni ;•..[.) bi ^ ■p: ' ■ Exampi r> k. ■ -.r 

.j.;r< ;35- i <?•.•!. ..-q-. ?;> - ^- !vurc: ;u>.. ;/ J.\ . i , / '■".:.-n 

.li.:) Preparation -of f2R.4S..5S.1 'S) -S- f ^-Wr^vyray>^nnY^ ^ a nH nr>~4~ 
y v.v ... hvdroxv-W-n '-1 sopropv]-1 '-Imirtay.m-^-vl ^mAfhyi-fi-pHonyi-?- 
,r.o>, ., (4. 4.4-1:rlfliiorobut--l-Yl>hP>y anamidff 
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a ) ( 3R, 5S , 1 • S ) - ( 1 ' - t-but oxycaf bohylamirib-2 • -phenyl ) ethyl-3- 
( 4 , 4 , 4-trif luorobut-l-yl) ^tetfahydrbf litan 

To a solution of litbium "dixsi^^^ mL of a 

5 i.5M solution, 2.2 eq) in tetrahydrofurah (10 irOi) 'was added 
(5S, l«S)-(l'-t-butdxycaxbonyiamino-2/-pheny^^ 
.tetrahydrofuran-2-ohe (0.50 g; 1.0 eq)V^rin anhydrous (2 
mL) at -78*'C; . After stirringf' 'for 15 la^ 

hexamethylphosphoramide (0.57 mL, 2.0 eq) was added to the 
10 solution. The solution was stirred for several mJLn and 
l,l,l-trifluoro-4-iodobutane (0.78 g, 2.0 eq) was added. 
After 2 h at -78**C, the reaction mixture was quenched with a 
10% aqueous HCl and extracted with ciic^ The 
organic extracts were combined and 'evapo oil. 
15 The oil was chromatcgrziphed (silica^ '^2%) nfethahol/ i^X 

dichloromethane) to give the title compound as a white foam 
(0.248 gr 37%). NMR: {CDC13) i5i7 .18 a(5H:., m)> 4.57 (IH; d) , 
4.41 (IH r dd), 3.95 (IH > q) ; 12^82. (2H, Ld) vX2;55:x.(2H , m) , 
2.49-1.49 {7H , m) , 1.32 (9H^, : s) ; ^MS?m/e 438 .0 . (M+Na)+. 

b) (2Rr 4S/ 5S) -5- ( t-butoxycfitrbonyl) amino-4-t-butyldimethyl- 
siloxy-6-phenyl-2- (4, 4, 4-trif luorobut-l-yl) hexanoic acid 

Following the procedure of Exait^ie i:12 (b) r except using 
the compound of Example 35(a) '^(245 mgjvfctherrtitlepconpound 
25 was prepared (215 . mg^ 67%) i NMR(CDCi;^):^/5;7vl8 :(5H/v m) ; / 4 .70 
(IH, d), 3.88 (IH/ q)> 3:69 {2H/ m)^^V^73^(lH/ ^m)V^^^^ (IH, 
m)V 1.91 (2H, ih)V 1-45 (i6H;-myV 1.31 i:9H/'^^)' (r^^ 
observed), 0.90 (9h/ s)V 0^08 (6h; d) f MS We548.2^^^ 

30 c) (2R,4S,5Srl'S)-5-(t-but6xycarbohyl)amLino-4-t-butyl-- ; 
dimethylsiloxy-N- (1 '-isopropyl-l •-im£dazol-2-yl) methyl-6- 
phenyl-2-(4, 4, 4-trifluorobut-l-yl)he3ariamide 0 :i : 

Folowing the procedure, of Example 1(c), except using the 
compound of Example 35(b) (100 mg) and (IS) -l-imidazol-2-yl- 
35 2-methylpropylamine, the title confound was prepared (83 mg, 
68%) . NMR(CDCl3) 5 7 .22 (5H, m) , 7 .03 :(1H> d) , 6. 89 (2H, s) , 
4.72 (IH, d), 4.51 (IH, t), 3,91 (IH, q)V 3.65 (IH, m) , 2.78 
(2H, d), 2.33 (2H, m) , 1.82 {4H, m), 1.48 (4H, m), 1.36 (9H, 
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two singlets; retainers present), 0.99 (9H, s) , 0.91 (3H, d) , 
0.79 (3H, d), 0.07, (6H,.:;d); MS m/e669.4 tM+H] + . 

■ ■'•'■■sd) ^(2R/4S,5S,:1 •S)-5-(trbutpxyceu:bonyl)6unijio-4-hyd^ (1 «- 

5 isopropyl-1 • -iinida2ol-2-yl ) methyl- 6rpheny 1-2- (4,4,4- 
;. . trifluorobut-l-yl) hexanaiid.de "'^v' - r .,, 

Following the procedure of Exan?ile 9(d), except using 
t .iBx theccompound of Exaii5>le.i3S(c) ^(83:mg)-> ..the title compoiind was 

: Prepared |J 4 O mg,^^ 58%)„. ^ NMR(CD30D): 5 7.19, (5H, „m) , 6.92 (2H, 

. 10,. s),,.4.61;.(lH^^^ 3.48. (IH, m), ,2.79 (2H, m) , 

•^2..49 (lH,j m).,,: 2.13^. (4H, m),, 1.60 (5H, m), 1.36 (9H, s), 0.90 
, ; ;<3H,; d), 0.71,:,(3H,. d);. MS ni/e5S5,2 [M+H]+. 

i^-;;r- n', Li- i' l -;,. . Examnle 3fi- . ^ 

bii vfo:; ,r > PrftParnf inn of f?R. 4.S. SS. 1 'S)-?-nh«>n.i>1n.oi-h v i-4-h^H^^^-i;, 

■ - bUr.nyYCarbonvl ) ami nf>-f;-T>h*>nv1 -W- /-j t-t ar>K»».y] _i t _V<.;s Ha^r.-?- 
>HC} ' i^.i' vl) >inft1-hv3-hAyanainjrtf* hvrt- rrtrh 1 r>T-4 

20ai a) 2- (1 •-carbobenzyloxyamino-l'-isobutyl) methyl-imidazole ; 
. ' f rM U rc Following; the procedure; of, Example) 1. (a) , except 

substituting Cbz-isoleucinal (1.83 g) for Cbz-valinal, the 
title con?>ound was prepared (0.658 g, 31%) . NMR(CDCl3) 5 
6.96 (2H, s), 5.31. (IH, d), 4.48 (IH, dd) , 2.15 (IH, m) , 1.44 
25 (9H,l^s) , :1.17fe(2H, : m):,:i0,?2 ,(3H^ ^t) , . 0.82 (3H, ,d) ; MS 
-.rXvilPPJ/NHa) .m/e^..^ [M+H]+_.; ^ ., . . 

b) , (2R, 4S, 5S, 1 ' S) -2-phenylmethyl-4-hydroxy-5- ( t- 
butoxycarbonyl). amino- e-rphenyl-N- (1 '-isobutyl-l • - (ixaidazo-2- 
30 yl) )methyl-hexanamide hydrochloride;-/ „ 

•>.; nnSci^v Following the-procedure of Exanqple 1 (b) -1 (d) , except 
substituting.(the. compound of Exan^Jle 36(a) fori {l'S)-l'- 
. • r i : I carbobenzyloxyamino-l • -isopropyl-1 • - (imidazo-2-yl) methane, 
r , ,.; theititlevvCpmpoiind was.prepared. . i NMR(DMSO-d6) S 7.90 (lH,d), 
35 7;29^7:02' (lOH, m), 6.8& :(2H,s), 6.50 (lH,d), 4.81 (lH,m), 
4 .55' .(1H, dd>, 3.56 (lH,m) , 2.69 (5H,m) , 1.80 (lH,m) , 1.59 
r. (2H, m), 1.30 a (9H,s), 1.17 (2H,>m), 0.78 . (3H, t) , 0. 63 (3H, 
._. d) ; MS .(DCI/NH3)..m/e 549.7 (M+H] + . .. \. 
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' Example '37' s i - , > ] -- ^.u 

PT-fir>arat:ir>n n-F f ^R. 4S, 5S, -S- rfr-htit^oyygarhnnyT 1 ami 

The t-butyldxmet±iyls iloxy-protected '^alcohol ^from Example 
30(e) (20 mg, 1.0 eq) was stirred dLn 'kniiydrdus' 'TO sun 

"10 argon atmosphere at room temperature. ' -Tetrabutyl aimabhium 
fluoride (0^33 iriL of a l.OM solution iri'THP>^>6F0 eq) was 
added and the solution stinred for 16 h. v The solution was 
diluted with water euid extracted with dichlbfomethane . The 
combined organic extracts were washed with water and 

15 evaporated to a white solid. The solid was covered with 
diethyl ether smd deccmted iwice to giveKtJife titled 
as ajwhite solid. j(0-012;:grX.72%):; yr.;NMR(<» 

(lOH,. m), 6.61 (IH^ I S); 5.42: (IH/ d)V- 4;-69iaiH^xm^ 4.41 (IH, 
d), 3.58 (IH, m)^ 3.45 (IH, m) , 2.78-2.40 (5H/m), 1.91 (IH, 
20 m)/ 1.59 (2H, m), 1*41 (3H, d) > 1*26 ^f:(9H,:)s)X /(rbtamers : 

observed), 0.71 (3H/: d)/ 0.59 (3H,rfd):;i MS m/^ 579.2 [M+H]+. 

• : ■ ^ v h.-:>-- v : -^:^EMTnpIe-' '38 ' q^^^ .h-- . 

25: Prf^par-atrion of f2R. 4S. 5f5:i -5- (I J l-dlmf>t^hyl->P- > 

hvrirnyvf^thoxvgarbonvl) amii^r^4-hyaro^y^f 1 '^^^bp^opyl-1 
imidagol-?-yl ) mftt:hyl-6-phenyl-2-phenylmet:hyl-hf*xanamtde 

a) 2-tHbutyldimethylsiloxy-l^l-dimethylethyl-(4- 
30 nitrophenyl) carbonate 1- : ' --^ rsi-^ ^^^sirsif' Xx^'-^y^n :Xv -ar ■ 
. A mixture, containingi bis (4— nitrophenyl) carbonate 
( 0 . 9 9 6 g, ; 3 . 28 mmol ) k 2- t-butyldimethyls iloxy-l 1- 
dimethylethanol (0 .67 g, .1 pq) . and f 4-dimethylaminopyridine 
(0.4 g/ 1 eq) in dichloromethane (50 roL) was ^^stirfed at room 
35 temperature If or 5 d . The : mixture was dliutSed Vwlth ' 
dichloromethane and washed successively with H2O and 
saturated aqueous NaCl, , and dried over ':Na2C03(.;i The solvent 
was removed in vncuo, and the residue vras-p^^ flash 
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chromatography. (silica, 20% ethy! acetat /hexanes) to afford 
title ^con^pund (35%).^ NMl(CpCl3) 5 8.25 m) , 7.35 

"P? ' ^•"'6. <2H, s)/l.53 {6H,.s), 0.94 (9H, s) , 0.09 
(6H, s) . 



5 



lOr 



25 



b) (2R, 4S, 5S, 1 • S) -5- {2- t-butyldimethylsiloxy-l , l-dimethyl- 
ethoxycarbonyl) ainino-4-t-butyldimethylsiloxy-N- (1 •-isopropyl- 
^ '.-i'f4^??l-2-yl) methyl-6-phen 

J ^■^9^^:^°^1 ^r'^'^'^^yifiipethylsiloxy-l, i-dimethylethyl- 

5-amino-4-t-butyldimetdiylsiloxy-N- (1 '-isopropyl-i '-iniidazol- 
^..J-yl)roethyl-6-^henyl-2TPhenylmethyl-hexM {102 mg, 0.186 

^ Q.iJ^h^B^ ""^'t 0-.372,ininol) in methylene, choride was 
- .?.tirred,at...2^^^^^ Ar for ,24' h. The solution was washed 

Vith ^qpie(msjla2C03, dried oyer solid NajCOa and concentrated. 
' cvrF^^sh .qtepipatogrraphy; provided 
S- the intermediate: <2R,4S,SS,l!S),-5-(2-t-butyldimethylsiloxy- 
i . -h l-diJnetJiylethpxycajTbonyl) ainino-4- t-butyldimethylsiloxy-N- 
, ;11 •-is,oprppyl-l •- (1 

dimethylethoxycarbonyl);imidazol-2-yl methyl- 6-phenyl-2- 
phenylmethyl-hexanamide, which was dissolved in ether, washed 
with 10% NaOH, dried over Na2C03, and concentrated to provide 
the title compouiid (iio mg, 78% overall). NMR(CDCl3) 5 7.37- 
f"H, ,mU^6.3,9 (IH,. d), , 4.84 (IH,. d) , 4.55 (IH, t) , 3.96 
<^SrK:?^uM^.:^2H, s),^^.60-3.42 (2H, in), £94 (IH, s (br) ) , 
2.85-2.44 (4H, m) , 2.39 ,(lH,. q') , 1. 90-1.60 (2H, m), 1.31 (6H, 
d), 1.02-0.85 (18H, m), 0.83 {6H, t), 0.98' (12H, m) . 



20 



30 



9} ,<2R, 4S, 5S, y s) -5- a, l-dimethyl-2-hydroxyethoxy- 
carbonyl ) amino-4-hydroxy-N- U ' -isopropyl-1 •.-dLmidazol-2- 
.i> yp-*"'?;thyl-6-phenyl-2-phenylmethyl-hexanamide . , 
. t . A '^'^"'■e , containing ^t^^ compound, of Example 38(b) (iio 
! tetra-n-butylamm fluoride' (6 eq of "iM solution 

• > t in THF) under an; argon . atmosphere was allowed to stir at room 
35 , , temperature overnight. . , -The .solution was diluted, with 

• ?^^o"??5t^ane, and washed with water,, and the organic layer 
: ?f??..'=*??°®?trated. The- residue, was purified by. flash 

chromatography (4% methanol/dichloromethane) to" afford the 



wo 93/02057 



r VCPCr/US92/06047 



- 80 - 

title compound [0\QS' q/ SS%) \ ' mSE^{(:i^^ 7.30-6.78 
(i2H, m), 4.42 (lH, d)/ 3.75-^.38 '(4^ ^) / (5H, m) , 

' 2.08 (IH, m) , 1.70-1.56 (2H, m) , 1.30 (6H, s|, 6^.90-0.55 (6H, 

dd) . ■ ' ■ " 

■ ' Kxaniple '3 9 ■ - - • • •' 

A IM solution of HCl in ether '^'(6315 mL) was added to a 
solution of the cbn5>buncl of Example 38(c) (35 rngf/' 0.064 mmol) 
in methanol (5 mL) . The solvent was removed' ''b^^ 
IS evaporation at 20**C, arid the solid reisidue was 

with ether 2uid dried to afford the title dompourid as the 
hydrochloride salt (35 mg/ 95%) • OTfll (CD3OD) '5 7V37-6 .85 

(12Hr m), 4.56 (IHr la)> 3.5;i9 (IH^ rnXV "3.4)8-3^33 -^^ m) 
2:85-2.48 (6H/ m), 2.04 (IH, septet: )> !> m) , 1.22 
;0 " (6H, d), 0.88(l3H^ d) ; 0.61 4i3H/^-dd)'¥'^^^'^^^^ / v >s 

' ' ECTinpl^ 40 '••-^^^'^ - a 

25 mT^inr^4-h ydrt^yv--yr- f f '-^isi^yopvT^I «^imf^2i6l-2-^vl 

phfinyl-2-pb^nylTnfif.hvihftyanamide ^"^^ ' .^t^;.. 

a) ben zyloxy ethyl- {4-nitro) phenylcarbonate 

To a solution of 2-berizyl:bxyeth2Utt6i (2.5 i6.4 mmol) 

30 arid bis (4-nitrophenyl) caiionate (5 ^0 g; 1 eq) - in ^ ' 

dichloromethane (200 mL) , N-bethylmbrpholine (iMSl mL, 1 eq) 
was added. The resulting miirture i^s ailowed to stir at room 
tenqperature for 3d;' The' ' r^eact ion mixture was'^ washed 
successively with H2O and saturated 'aquebus NaCl and dried 

35 over Na2S04. The solvent was removed in " vacuo^ arid the 
residue was pxirified by' flash chromatography (silica, 20% 
ethyl acetate/hexanes) to afford the title compound (4.38 g. 



wo 93/02057 



PCr/US92/06047 



C - 81 - 

-'^^ 84%) /''^NMR(CDCl3) 5 8.26 (2H, m) , 7.34 {7H, m); 4.62 (2H, a), 
4.49 (2H, ty, 3.70 (2H, t)\ ^ ^ 

b) (2R/4S, 5S, 1 'S) "5- (2-benzyloxyetlioxycarbonyl) andLno-4-t- 
5 butyldimethy isiloxy-N- [ 1 • -isopropyl-1 » - (N • - ( 2- 

benzylojcyethoxy) carbonyl) imida20l-2-yl)inethyl-6-phenyl-2- 
'phenylmethyl-hexcinfiunicie ^ 
~ • V To a solution of (2R, 4S, 5S, 1 » S) -5-amino-4-t- ' 

but y Idimethy is iloxy-N- { 1 • -isopropy 1- 1 * -imidazol-2-y 1 ) methy 1- 
10 ' 6-phehyl-2-phenyl^ itig, 0.24 xnmol) in 

' dichloroxnetheme (40 loL) under an argon atmosphere^ 
benzyloxyethyl 4-nitrophenyl carbonate^ (160 mg, 2 eq) and 4- 
' dimethyiaminopyridine (60 mg, 2 eq) were added. The 
resulting mixture 'was allowed to stir at room temperature 
15 overnight^ aihd was 'diluted with dichlorbmethane . ^ The organic 
^extract was washed successively with aqueous Na2C03i RzO, 
■ aqueous ^Na2C03 arid H20# and dried over Na2C03. The solvent 
was removed in x^cuO/ and the residue was purified by flash 
chromatography (silica, 4% methanol /dichloromethane) to 
20 afford the title ^con5>ound' (180 mg, 82%). NMR(CDCl3) S 7.45- 

6.80 (22H, m)/ 6.62 (IH, d), 5 (IH/ t) , 5.06 (IH, d) , 4.60 

(2H;"s)>"^-5^^^^^^ ro^), 4^31 (IH^ Wy 4.07 (2H, 

' ' -m^^^^ ^t)V 3.68 (Jinrq)/ 3.57 ( 2.85 (IH, m) , 

'"^2^77-2V4^^ 2:094lH/ m)'; i:90 Uh;' m), 1.7 (IH, m) , 

25 0.95 (9H, s)> 0.81 (6H, dd) , 0.11 (6H, d) . 

c) (2R, 4Sr 5Sr 1 'S) -5- (2-hydroxyethoxycarbonyl) aLmino-4-t-butyl- 
dimethyisiioxy-N- [1 ^-isopropy 1-1 (N'-2-ben2y loxyethoxy- 

'^^^ * carbonyl )imidazoi-2-yi] methyl- 6-phenyl-2-phen 
-^0^'-' hexManiidte ^'"^'^ " ' ^ ' ''\ \ - 

The compound ' 'of Example 4 0 (b) ( 68 mg^ 0 . 4 4 mmol ) was 
'stirred as a'' solution in methanol' (50 inl#> ' with Pd (0) (10 mg) 
under'i' atm^hycirogen f or 12 h'. The miacture' was' filtered/ the 
^ solvent was removed' in vabuOr *and' the residue wais purified by 
'35' ^'flash chiromato'graphy (sili^^ 4% methanol /dichlorbmethane) to 
afford the title compound (44 mg, 74%) . NMR(CDCl3) 5 7.36- 

6.72 (12Hi'm)/ 5^03' (lH;'d), ^4.80 (IH, dd)V 4 . 50^4 J32 (2H, 
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m), 4.07-3.52 {5H^ m) 2.96-2.32 (6H/m)> ^i^^^ (2H, m) , 

0.95 {9H, s), 0.90-0.75 dd) / 0 .05 (6H^ • d) . - ^ , 

- d) (2R, 4S, 5S ^ 1 • S) -5- (2-hydroxyetlipxYcarbonyl) amino-4-hydroxy- 
5 N- ( 1 ' -isopropyl-1 • -iinida20l-2-yl) metAyl-6-pheny 1-2-^ 
; phenylmelAyl-liexanaTnide- ; ;j . . j , . ^.-..{^^ ..^ ^ :ro:i-^^<Jxox\ j 

To a solution of the con5>ound of of =Exan?>le 40(c) 
in methanolr excess aqpieous .HCl (approx.. .^5 ^ was added. 

The resulting solution was stdLrred at room temperature 
10 , overnight, a^d concentrated, under^ reduced^^ The 
residue was diluted with and.made^basic with aqueous 

Na2C03. The mixture was extracted with dichloromettane, and 
the combined orgemic extracts were dried oye The 
.solvent was removed in vacuo, . and ^ the ^ residue, w^ 
15 flash chromatography to af ford/ the title ^ to 

^ NMR(Cb30D) 5 7.28-6-85 iim, JD),^^^^ m) / 

3.73-3.40 y(4H, m) ^; 2.86-2.47 (5H,: ml, 1.9%.5(1H^ :m)^^ 1.71 (IH, 
m), 1.22 (IH, m), 0.84 (3H, ,d) , 62^ (^r^^Vvrr^:, ^ ^^^j 

20 ;r ^..r::; \- - Kxamplft 41 .-j > ^.^j 'ox;:;t3:B or 

hyrtT^ovyfi1->nnyyrraT- V>OTiYl^ atninQ-4-hydrQxy-W- f 1 '-isopropvl-l 
imida2ol- 9-yl^Tnf>^byl^g-^phi4nyi-g^nhftnvlTni>thvT-hft 

a) 2-t-butyldimethylsiloxy-l-methylethyl- {4-nitrophenyl) - 

carbonate , ^ . ^. :r; v,. . ^ -j- ^ , ..n^^' "o 

A mixture containing bis (4-nitrophenyl) carbonate 
(3.20 g, 10.5 mmol) r 2-t-butyldimethylsiloxy- 
30 (2.0 gr 10.5 mmol) and 4-dimethylaminopyridine , (1.^^^^^ 0.5 
mmol) in dichloromethane (200 mL) ^ was stirred, at room 
teirperature for 5 d. ^,.The mixture , was then diluted with 
dichloromethane and. washed successively .with H2O and 
saturated aqueous NaCl and dried over Na2C03. The solvent 
35 was removed in xracuo, and the residue was purified by flash 
chromatography (silica, 10% ethyl:, acetate/hexane), -to, afford 
the title compound (88%). , NMR(C:DCl3) - 5 8.28.J2H, m), 7.39 
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Wt; xiZR, m), /-4.98 . (IH, m) , 3.75. (2Hr d),. 1.38 (3H, s) , 0.92 (9H, 

tlS) , 0.11s l6Rr is) ^ ^ , u ] 

ob) {2R, 4S, 5S, 1 » S) -5- (2-'t-butyldimethylsiloxy-l-methyl- 
5 ethoxycarbonyl) amino-4-t-butylclimethylsiloxy-N- (1 •-isopropyl- 
1 « -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl-hexanamide 

^ r FollowdLng- the. procedure of Example 38 (b) , except 
substituting the confound of Exan^le 4 (a) for 2-t- 
€r .1) butyldiniethylsiloxy-l/lr?dimethylethyl-4-nitrophenyl 
a 10 r carbonate^: rthe title jcompound was \ prepared • NMR (CDCI3) 8 

i^v : - 7.40^7.00 ClOH. m), 6.90 (l/2H,;ns),: 6.72 (1/2H, s), 6.45 (IH^ 
n vdd), 4.92:: (IH, dd)!/: 4.84-4.61 (2H/ m) , 4.10 (lH^f>m), 3.76 
u ^:{1H, 2n),:i3.58^<lH,m)> 2. 92^2.73. :(3H, m), 70-2^ (3H, m) , 

v. :1.78 (2H, m),: 1.22-1.08: (3H/ m), 1.04-0.81 (24H, m) , 0.17- 
^ 15- '^0.09 (12Hr m) .' - - i , , 

V i. c) (2R^ 4S; 5S; 1 • S) -5- ( ( IRS) -l-methyl-2-hydroxyethoxycaxi>onyl) - 
YJiq.rT :aittino-4-hydro3cy-N- (1 '-isopropyl-1 •-iiaidazol-2-yl) niethyl-6- 
--phenyl-2-phenylmethyl-hexanamide^^ . ^ 

20 Following the procedure -of Exaxople 38(c), except using 

the cornpound of Exas^le 4(b), the title coxnpound is prepared. 
^^^^^^ 1^ (IH, dd), 4.58 

/ i ^ v(lH, :m)V^V38 {lH,Ldd)i^^^ m) 3.41 (IH, 

^ I vc- m) ,x. 2v79-2;S5 s(5H>vm) >: /2 .49 (IHrl dd) , 1.92 ^{IH, m) , 1.67 (IH, 
25 m), 1.08-0.98 (3Frdd) 0.69 {3Hrdd),^:0 

-Ivdn-v/;- vn.^^->r ■^.o^.j v^v-. ^ Example - r. v 

!i.'i30 . cvelonentyloxvcarbonvl) amino-4-hyriT^nvyrJ- f 1 '-i' ao propyl-l 
J:. ^ rl c'. i> imidazf>^■;>^vl)Tnethvl"6-phenvl^2^nhenvlm<>i'hvThAyiRnaTn^riP> 

*^a) J (trans) -2- (t-butyldimethysiloxy) -cyclopentanoi ^ 
JO net::- To admixture Of t-butyldimethylsilyl chloride (5 . 08 g, 

35 33.7 mmol) "and) imidazole (2.30 g, 33.7 mmol) in DMF (10. mL), 
f;/ av- ar solutionrof Jtrans-l,2-cyclopentanediol in DMF (4 mL) was 
added. The reaction mixture was stirred overnight at 25**C. 
The r action mixture was dilut d with ice water and extracted 
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- = witli ether. The etJier^extract wasS^ira^shed'^^^^ w^tfer and 

brine, dried over magnesium sulfate; a filtered, and: the solvent 
removed in vacuo. The residue was purified by flash 
■ ' chromatography: (silicav 9 : 1 hexane rethyl'^i acetate) ( to the 
5 ^ title con^Jbund as ai^ oil (3*44- g^U9%y:vfiod:^^;:;^ / '± 

b) ( (trans) -2- (t-butyldimethysiloxy) -cyclopentyl) - (4- 
nitrophenyl) t:arbonate' ' j 'jctt-r^q/ro-^^ jii^i/ ^'nxJu:tx-y^<:^:?:\ \ 

^To a' solution of thet con5>oundoof VvKxampleb42 (a): (1.08 g, 
10 ' 5 mmol) and DMAP (O.Sll g, 5'mm6i)^•in- 
^ ml.) , . bis (4-nitrophenyl) carbonate , (1^- 52 : g; 5 Cmniol) ^ was added. 
The solution was stirred , overnight cat ^25?C ;V! The {reaction 
mixture was diluted .with dichloromethane . (15 -mL) ^.Mand washed 
with water and brine. - The organic, extract was dried over 
15 magnesium sulfate, filtered, and the solvcmt; :was removed at 
reduced pressure. The residue was triturated with 
, hexanerethyl acetate (l:l)i and ;filter€^d.Si Tiie vfiltrerte was 
evaporated to an oil and purified by flash ichroinatography 
(silica, 9:1 hexanerethyl acetate ).tjto yield : the title 
20 compound as an oil (1.75 g, -92%) . i>iii\i ■ v^!:w\^;oX-t':r^ 0>c 

c) 5- ( (trcms ) -2-t-butyldimethyrsiloxy-cycl6p^ 

carbonyl ) amino-4-t-butyldimethy siloxy-NrlC 1 • -isopropy 1-1 • - (1- 
: (2-t-butyldimethysil03cy-cyclopentylbxycarb6nyl):) imidazol-2- 
25 (yl]methyl-6-phenyl-2-phenylmetliyl-hex£m:€u^ \ -^-^ 

A solution of 5-amino-4-t-butylddLmethylsiioxy-N-[i*- 
isopropyl-1 ' ^imidazol-2-yl] methyl- 6-phenyl-2-phenylmethyl- 
hexanamide (171 mg, 0.311 mmol) , DMAP (76.1 mg, 0.623 mmol) 
and the coinpoxmd of -Examplis . 42 (b),^ (2387mg;; 0 in 
30 dichloromethane (9 mL) -was: stirred! overnight .^at 25*C . CThe 
reaction mixture was - diluted i withv dichloromethane, washed 
with water and saturated sodium bicarbonate solution, and 
dried with magnesiiim . sulfate . b The j organic { extract ( was 
; filtered and the solvent was-removed in vacuo .r The residue 
35 was purified. by flash chromatography , (silica, 4 : 1 orj 
. hexcine: ethyl acetate) to [yield the title rconqpound as an oil 
(150 mg, 47%). ; : - o - r ^: 
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j t 4) :i5- (.(trans)-2-hydrpxy-cyclopentyloxycarbonyl)axn^ 
, J ; ' - )hydroxy-N-- [1 ' -isppropyl-1 •-ii)aidazol-2-yl] methyl- 6-pheny 1-2- 
n, ) ^ Rhenylmethyl-hexana^ r : ^, =j • - w/ 

To a solution of the coxopound of Exanqole 42 (c) (150 mg, 
5 0.145 (5 inL)-,-3N HCl (3 mL) was added. The 

r :/r j solution, was stirred ^overnight at 25**C. ; The methanol was 
;^ ; v ^ evaporated .ln>vacuOr and the residue was diluted with water 
and extracted with ether. The aqueous solution. was 
neutralized ;iwith 5% : sodium ('-pH 7) and a solid 

f 10 (precipitated. ^ The solid was filtered, washed^ with water and 
5 - . ( dried in vacuo to yield the title coxapound (51.5 mg, 63%). 

Morr\ NMRXCP30p lOH) , 6^87 (s, 2H) , 4.63 

( ^ \m, 2H),: 3.88: (m,AlH), I 3.55 (d/ lH), 2.5-2.9 m, 5H), 1.4-2.1 

-L i: (br, 9H) > 0 . 88 1 (d>T3H)> ; 0 .71 ■ (d, 3H) ; TLC Rf 10.27 (silica, 8% 

. 15 methanol/chloroform) j :x , r> :; 




Example ;^v,.,^ - ^j;.. ...v 



20 hvdrQxv-N-(i '-isonropvi-i '^^Tniriay,o^^>9^>v^ ^Tni^i-hy i-g^nhr^nwi-p- 
phenylTnfithylhfixanaTnirift 

a) t-butyldimethylsilyl 4- (t-butyldimethylsiloxy) rbutanoate 
To a suspension of t-butyldimethylsilyl chloride (29.9 
25a \g/;198 ommoM-rinvdryrDMF (20 mL) ,u 4-hydroxybutyric acid^f c 
a . , Jir sod^ mmol) and imidazole (27.0 :g, 0.397 

mol)riwere :added.^ > The reaction mixture was stirred overnight 
CHt. atr 25**C.' The solvent was removed under reduced pressure and 
rr i ithe residues iwas^ diluted ^with 10% i aqueous citric acid (200 
::30 mL) . : The residue iwas; extracted with ether. The ether ' 
/ V solution wast dried: with magnesium sulfate . filtered and 
) evaporated to yieldi the title compotand as an oil. 
^'■K ^ ^ {III ,i ) .-^W . ^ iH:: ;;-{•:: ;-^r (. 

V f . . ( b) 4-t-butyldimethylsiloxy-butanoic acid . 
-ij35 r . ( A: solution; of the. rcoittpound of: Example 43(a) (5.0 g). was 
i-^ disfifolved; in (acetic i acid: tetrahydrofuran: water (2:2:1, 50 mL) 

solution and stirred for 2.5 h. The solution was diluted 
^ with water and extracted with ether. The ether solution was 
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dried with magnesium, sulfate, filtered arid evaporated to an 
oil. The oil was purified by flash' 'dhromatfogra 
hexane— ethyl acetate, 9:1) to^yield the as cUi 

■ - : oil' {180'mg) . - '-^ l- -^o: :::^x^■^. ov- 

c) (2Rr 4S, 5S, 1 • S) -5- (4-t-butyldiinethyisiibk3r-bufeM amino- 
4 -hydroxy-N- ( 1 ■ -is opropy 1-1 ' -imidkzbl-2-yl) methyl- 6-phenyl-2- 
phenylmethylhexamamide ' . jd * ;.av ^. 

A solution of ^ (2R/4S, 5S,1 ' S> -5-axnin6-4-t- ^ H >a 

10 r : butyldimethy Isiloxy-N- ( 1 ' -isoprppyl-l • im-t da2ol--2-yl ) methyl- 
6-phenyl-2-phenylmethyl-hexariamide ;( 17S> ing^ ;6 . 3 i$ maol) , 4- 1- 
butyldimethylsiloxy-butanbic acid '{84 mg) 0 i 4l^"OTdbi) / BOP 
reagent (148, 0.335 mmol) / triethylamineti. (46, JIL> 0;335 mmol) 
^ and dichloromethane (4 mL) were vstirrefidS at 20**C under Ar f or 

15 24 h. The reaction mixture was. diluted ^ with-! dichloromethane, 
wa^h^d with aqueous Na2C03> wateir efiad' ba^iiie/ lem 
solid magnesium sulfate • The organic phase was filtered^ and 
concentrated in vacuo. The residue was purified by flash 

a:! chromatography (silica/. 2% 5methanoi7chlorof6fm) 
-20 ^ : the' title. coitpound.) -i'J:- * : rj:::::l?i:kn:Mi^.::u^^ ^U:i^ . * 

d) (2R, 4S, 5S , 1 • S) -5- (4-hydroxybutanoyl) am±no-4-hydroxy-N- (1 » - 
' : : isopropyl-1 ' -imida2ol-2-yl) methyi;-6-^ph(Briyl-2- a \^ ' 
•S] phenylmethylhexanamide r " ■ - "-^ f^O-trr^feA^^^i^ "i^ <)U ** . : 
25:;i j A solution of the. compound of :Exaiii^le r43:(cr:£ mg> 
: 0 . 23 Srmmol) and tetra-n-butylammonitutP fluoride r (2: 84. mL, 2 . 84 
vmmol, IM solution in; THF) was St JLrred Sunder anv argonx 
-atmosphere at room tenperatxirev overhightr.rfTTh was 
J diluted with ethyl acetate, .washed. .with isaturated sodium 
30 bicarbonate solution, and water ,^ and thej. organic layer was 
. concentrated. The residue waslprecipitated-^ from t 
acetate solution to afford the^.title coinpotmd;:-. NMR S (CDsOD^ 
400 MHz) 7.0-7.3 (m, lOH) , 6. 86 (s, 2H) , . 62 ^ (d, IHy ,^ 4 
(m, IH), 3.43 (t, 2H), 2 - 55-2 . 90 ^(m^: 4H)^ ^ 2^ 60 (it^r IH) , 2.17 
35 (m, 2H); 2.05 (m, lH), 1.76 (m, -1H)V lV67^ {m> 2H) , 1.55 (m, 
1H)> .88. (d, 3H), .72 (d, 3H) ; : TLa Rf r 0 . 40 (isilica, J 10% 
metheinol/chlorof orm) . - tnn. io^ ; or 
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. - Example 44 

-b J - V Preparation of r2R> 4S>5.c;. TS\-:>-p>. ^ nvtTn^f ^y^^4-hyri^>r^vy^S^ 
fbenzvlQXVC:arhonvl> val Vlam^Tin-g-phenyWTJ - «— i fir>V>ut:yl->l 
5 lmlda2Q-2-vl ) mftth vl-hevanatn^ rte . 

I (a) {2R, 4S^ 5S, 1 ■ S) -2-phenylmethyl--4-butyldimethylsiloxy-5- 
\ 3 . L(benzyloxy,carbonyl) valylainino-6--phenyl-N- (1 '-isobutyl-l 
(inddazo-a-yl) )methyl-hexanamide.> o 
10 - A solution of :carbobenzyloxy-(L^ (50.4 mg, 0.20 

innc ir vinmol) ,. the product^ ofiExanple 13(a) ■ (llO ing, 0.20 mmol) , BOP 
1: 7-. -reagent (88.7 mg, 0.20 mmol) and triethylamine (28 Ji.1, 0.20 
^ ■ - (4 mL) was stirred at 25**C for 4 

O^ 'd.,;; The reaction mixture was diluted with methylene chloride, 
15 washed' with saturated sodium bicarbonate and the organic 
d : : layer was ^concentrated. : The product was purified by flash 

J. vi.- chromatography (silica gel^ 4% CH2CI2/ MeOH) to give the 
; V: >a Ititle. cofflc^ mg,a 67%) . :^ j 

ii ::20 ^ ;(b) (2Rr 4S, 5S, 1 • S) -2-Tphenylmethyl-4-hydroxy-5- 
rrc rrV :(benzyloxycarbonyl-valyl) amino-6-phenyl-N- (1 »-isobutyl-l « - 
imidazo-2-yl)methyl-hexanamide. :< 

To a solution of the compound of Exan5>le 44(a) (104 mg, 
0,133 mmol)cin;MeOH (8 xnL)V 3N HCl (2 mL) was added. The 
25 r solution was stirred for 16 hrs at 25**C. The methanol was 
removed at reduced pressure and 10% sodixim carbonate was 
^^) added^to^pH -7,5. ^^Ether (10 'mL) was addted and the solid 
i bb^ product was filtered and dried in vacuo to provide the title 
. .u ncompound (58 mg, 65%) . NMR(CDCl3) S 0. 62 . (d, 3H) , 0.78 (d, 
i>o30iJ 3H), 0.82 (d, 3H), 0.90 (d,3H), 1.62 (m, 2H), 1.96 (m, IH) , 
r:r 2.06 (m, lH), 2.55 (m, IH), 2.77 (m, 4H), 3.38 (s; iH), 3.53 
bin% ,-i.i(m,;lH), 3.91n(M,lH),:r3.99 (m, 1H), .4.47 (d, iH),iS.ll (s, 

<^ eV> 2H)> 5.78 (d,-lH)>) 6.85 (s, ;2H) , 6.92-7.34 (m, 15H) ; 
0 .1 , MS m/e 667 [M+H] + .*0 B8 . 
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/ Example, 45 

Preparat:i6n f 2R, 45, 5S, 1 -2-phi5nyiTnet:hvi-4*hvdfoxv~5- 

arifi^.vlvalyl^ amiho-6-phenvl-N- (1 '-^is6biii:vl"r'-imldazo-2- 
5 y 1 ) mefchyl-hexanaTnide ^ ■ v.^-Qp -tiiU 

(a) (2R,4S,5S,l'S)-2-phenylmethyl-4-t-Butyld£in^thy 
(N-acetyl-valyl) amino-6-phehyl-N- ( 1 • -isobutylTl • -iniidazo-2- 
yDmetliyl-liexaLnainide ' " ^ ? : j ^ 

10 To a solution of N-acetyl-(L) -valine^ (40i3 mg, 0J253 

mmol) in dry. THF (S mL) at -40**C was laddedrn-methylmorpholine 
r (55.7 JLI/ 0.506 mmol) followed by isobutyl : chlorof ormate 
(33.5 ^,0.253 mmol);: The reaction mixtureJwas stirred for 
15 min, and tbe coii5)Ound of Example 13 (b):^:;(139.:mgr 0.253 
15 mmol) in THF (3 xnL) was added. rvThe reaction^ mixture was 
. L allowed to warm to room temperature and stirred for: 2 d. The 
reaction was: diluted with iethyJ; acetate ^^ an!^ 
water and brine. The organic solution was -dried with soditim 
sulfate, filtered and the solvent removed under reduced 
20 pressure. The residue was purified by /flaish; Chromatography 
(silica,. 4% methanol/chlorof orm) to givez^the:^ product as an 
oil (47 mg, 27%). l-- j.: ■\" ''^':^kn:kyi'^^sj& -I L ' 

(b) (2Rr 4S, 5S, 1 ' S) -2-phenylmethyl-4-hydroxy-5- (N-i 0 
25:; acetyl valyl)amino-6-phenyl-N-(l'-isobutyl-l'-imidazo-2-: 
yl) methyl— hexanamide . -f: v^r.r^ ^ ^.^>;^rr;^=% rjiri^ ^y: . 

To a solution- of the con5>ound of /iSxaxrt^ 
0.0681 mmol) dLn methanol (3 mL) , 3N HCl (0.5 mL) was added. 
The reaction was stirred for 16 h at 25*^01: The rmethginol was 

30 removed under . reduced pressure :and the solution wasvdiltited 

■ 1 

with water and neutralized with .5% sodium, carbonate; The 
solid product ;was filtered, washed i with ^water la'nd'ether,. and 
dried in vacuo to yield the title compound (29. ""5 mg,\ (75%). 
NMR (CD3OD) 5 0.70 (d, 3H), OtSS (m^ :9H) >] 1.57 ^3^(m, IH) , 1.70 

35 (m, IR), 1.92 (s, 3H), 2.05 (m, IH) , 2.55 (q, IH) , 2.77 (m, 
4H), 3.57 (d, IH), 4.03 (m, 2H) , 4.60 (d, IH), 6.87 (s, 2H) , 
6.95-6.20 (m, lOH) ; MS m/e 575 tM+H] + . 
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■ ( vt . - 89- - 

Preparation of 4S. 5S, 1 «S> -5- r r jm idaznl-?- 

Vvl) methvloxvcarbonvnatfiino-4-hYdrQxv-W- f 1 '-"isnp-rnpyl-l 

. r a)u(l- (benzyloxymethyl) imicla2ol-2-yl) methyl- (4- 
^ nitrophenyl) carbonate: i c .u , * r . r i 

A mixture of bis (4-nitrophenyl) carbonate, (Ir 
10 ben2yloxymethyl)imida2ol-2-yl) methanol and 4- 
tl,/ r dimethylami^opyridine according xto: the procedure 

r of' Example: 14 (a) to afford the; title compound (58%) . 

NMR{CDCl3r 400 MHz) 5 8.18 (d^J 2 H, J=8 .38 Hz) , 7.44-7 .23 (m, 

r 7H)V 7 .11. r(s,^^lH)V :7.^3 (s/ 1H)V 5^^ (s/ 2H) , 5.44 (s, 2H) , 
15 ^'4.49 (S^;:- 2H)^r/-.^ :H. . • -r. , . ■ v., ec -.^ : - r,.^ :u 

r ^ b)r (2R;4S;5Srl*S)-5-( {l-ben2yl03^ethyirimida20l-^ 

rii ^ yDmethyloxycarbonyl) amino-4-t-butyldimethylsiloxy-N- (1 
/ ^ : . I isopropyl-1 • -imida2ol-2-yl) methyl- 6-pheny 1-2-phenylmethyl- 
"20 - ^hexanamide; ca^iu^:. ..^ - ^- y^--- jv.v n K ^ o:;- 

; ;H B ; roixture- 6f ^ the confound of ^Example ^46 (a;) >^'^^ 
3 <2R, 4SV5S, i; S) -5-amino-4-hydroxyr-N- (1 '-isopropyl-l '-imidazol- 
. (i r2-yl) methyl- 6-phehyl-2-phenylmethyl-hexanamide/ ^ and 4- 
t rdimethylaminopyrldine was . reacted accorditig to the procedure 
25 of Example 14(b) to afford the title "conpound (32%). - 

NMR(CDCl3) 8 7.50-6.60 (m, 19H) , 5.25 (m, 2H) , 5.11 (d, 2H, 
J-11.03 Hz), 4.68 (m;iH); 4.39 (m, 2H) , 3.97 (m, IH) , 3.67 
(m, IH), 2.88 (m, IH) , 2.72-2.28 (m, 6H) , 1.85 (m, IH) , 1.60 
f (mi; iH) / 'O "92-0.81 ^ (m/ 15H) / 0;80 (s, 3H) ; 0.06 (s, 3H) ; 
30 / ^-MS(ESy•-^m/e•::^•7^3-l^.rM+Hl^.-^ .v-p,;^ - . .=.v- ^ lev v • 

c) (2R, 4Sr 5Sr l*S)-5-(imidazoyl-2-yl- 
methyloxycarbonyl) amino-4-t-butyldimethylsiloxy-N- (1 
isopropyl-1 " -imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl- 
35J^- ^hexanamide-Ov.-.ui.:> rx^^rrr' Jh. , ; ■ ' ..-.,.-X^..M - 

h H The - compound of Example •46(b) (58 mg, 0 .073 mmol),' 
- ^ methanol (3 ^mDv and 10% Pd on carbon (50 mg) were combined 
and vstirred- under 1 atm of H2 for 24 h. Additional catalyst 
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(50 mg) was added cind stirring under. H2 , was continued for 8 
h. The reaction was filtered through Celite®, concentrated 
cind flash chromatographed (silica^-* s€epi"gradient; '0— 
r MeOH/CH2Cl2) to yieldztheVtiitleVconipbxmdS(28 Ag^^^^ 
5 .NMR(CDCl3) 5 7.29-6^83,v(m,wl4H):; 5;05:i(d>i-lH>^ Hz), 

4.91 (d, IH, J=ll,2 Hz), 4.71 (m, IH) , 3.92 (m^lH), 3.61 (m, 
IH), 3.02 (m^wlH) , 2.81-2;54 X(m, v4H) ,y(2:^;36p(m,^ 1.93 (m, 

IH) , 1.59 (m, lH), 0.91 (d, 3H/ vJ«=7 ;l^tHzj,y:>0 

(d, 3H, J=7.1 Hz) , 0.84-0.05 (m, 6H) ;>:MS (ES) /m/e 673 [M+H1 + . 

d) (2R, 4S, 5S, 1 \S) —5- (imidazol-2-yl-methyloxycarbonyl) ainino-4- 
hydroxy-N- (1 r-isopropyl-l.'-imidazol-2-:yl) ;IIlethyl-6-phenyl•-2- 
phenylJnethyl-hexanamide■ - - ^.:i:^m■ 00&^,-;^,clO(tU^:M'^ 

The coji?)ound of Example 46(c) i (24. mg,L 0. 035, fmmoL) , 95% 

15 aqueous EtOH (0.50 mL) , and concentrated: aqueous) HCl (0.050 
mL) were stirred at 23*^0 for 24 h. The solution was diluted 
with H2b (5 mL) J washed with EtOAc andrth^^ the aqueous phase 
was made basic by addition of solid j:K2C03^r£i^Extraction^ 

i is EtOAC/ concentration ofj?the organic ei±ract'^ and 

20 with CH2CI2 afforded the title compound (14imgri-/72%) . o^NMR 
(CDCI3) 5 7.33-6;85 (m,,;i4H) , 5.li> (d,tt IHrX iJ^IO. 3 

j. (d, IH, J«10.8 Hz), 4,47 ;(m,;lH), 3.72c (m,;lH);^ ,3-38 (m, IH) , 
V 2.81 (m, 4H), 2.59 (m,.:lH)r 2 .07 Xm,f.|lkKvl^72 1 (m, 1.62 
> , (m, IH), 0.78 (d, 3H, Jee. 63 Hz) , 0 . 67o (d, fj3Hr: J«6^ 63 Hz) ; 

25 (m, ; 6H); MS (ES) ; m/e 559 [M+H] + . ; !M - Inyn^.;,::^ ^ >s 

< ... Example 47 ^/^^r. ;:o.. vi- 

. (:i ^ " . ■'. ^ '\ . :K ,;H'- x-^; 

,^ Preparation ^ f2Rr4S>5S,l'Sr l"RS)-5"f (l>-(imida2Ql-2-yl)-2"- 

30 methyl > propyloxvcarbonvl ^ amino-4-hydroxy-W- fl '-isopro pyl-1 
imidazol-2-vl> methvl-6"phenyl-2->phenyimethyl-hemnaTnide 

- :;; . b j : . * -r " I / 1 ' Z i^-' . -'O' 

- a) (IRS) -1- ( {l-benzyloxymethylimidazolr2-yl) .-2-i:i rr 

« 

me t hyl ) propyl-(4-nitrophenyl J carbonate - * I Iv^o ^ 
35 A mixture of bis (4-nitrophenyl) carbonate>:tii (IRS)-lr ( (1- 

benzyloxymethylimidazol-2-yl)-2-m thyDpropanol and 4- 
dimethyl ami n opyridine was reacted, according. to..the procedure 
of Exan5>le 14(a) to afford thehtitle coitqpound .rX 61%).. NMR 
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r i (CDCI3) S 8.18^d, 2H,f J^8.31 Hz),, 7.38-7.21 (m, 7H) , 7.13 

(s/ 1H),\ 6.94 (s, 1H),5 5.74 :(d, IH, J«ll . 1 Hz) , 5 . 47 (d, IH, 
, : J=ia.2:H2), 5.28 (d, ;1H, J^IO .2 Hz) , 4 .53 (d, vlH, J=11.3 Hz), 
4 .41 (d,v IH,, J=ll Hz), 2.64 (m,. IH), 1.18 (d, 3H, J=6.02 
5 Hz), 0.87 (d, 3H, J=6.02 Hz); MS(ES) m/e 426 [M+HJ + . 

- b); V (2R,4S,5S,i;'S/l"RS)-5- ( (1 V (l-benzyloxymethylimidazol-2- 
v: > yl) -2 "-methyl-propyl) oxycarbonyl) amino-4- 1- 
. 5 : butyldimethylsiloxyr^N- (1 •-isopropyl-1 (1- (1"- (1- 
10 benzyloxymethylimida20l-2-yl)-2"- 
^ ^ :^ methylpropyl ) oxycarbonyl) iinidazol-2-yl ) methyl- 6-phenyl-2- 
^ ^phenylmethyl-hexanamider 

n dCvA: mixture of -the conpotind of Example 47(a) (145, mg, 0.33 
- (75.9 mg, 0.14 mmol) , 4- 

ris Vdimethylaminopyridine (41 mg, 0.33vmmol) and DMF (0,5 mL) was 
; stirred lander; argon forl lS h. The DMP was evaporated In 
vacuo and the residue was combined with 10% aq K2CO3 (10 mL) 
and extracted with EtOAc. The coxnbined extracts were washed 
with saturated aq NaHCOs, ;.dried (K2CO3) , filtered and . 
20 concentrated in vacuo. The residue was flash chromatographed 
I £q' \ fc(sili^:a,: stepcgradient,^ .0-4% MeOH/CH2Cl2) ; to; afford the title 
™A^:icpmpound (96.1;;:mg,uj57%) . NMR (cbcis) S 7.38-6.78 ; (m, 26H) , 

5 . 67 (m; iH) ,w5 . 61-5 .00 v (m>. s6H)> 4 . 58-4 .27 (m, / 5H) , 3 . 97-3 . 61 
. (m, 3H), 2.78-2.10 (m, 8H) , 1.95-1.51 (m, 2H) , 1.10-0.55 (m, 
25 27H) , -10. 50-0.05 (m, 6H) . v . - • ; > : 

V/ wc) (2R,4S>5S,l'S,l«RS)-5-[(l"-(l-benzyldxymethyl- 
imidazol-2ryl) -2 "i-methyl-propyl) oxycarbonyl] amino-4-hydroxy- 
liTf . ^N- (1 ' -isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2- 
:30:K^jphenylmethyl-hexan^Lmide ' ^; : r ; : { 

i t :i-r b A solution of ? the compound of Example 47 (b) (81 mg, 0.07 

tmmol), CH3OH (0.75 mL) ,- and 3N aqueous HCl (0.25 mL) was 
u:; -stirred at^ 23**C;f^ h. The reaction mixture was diluted 
J with ;H26 • (10 mL)hi and washed with EtOAc (3 x 15mL) . Solid 
35:; :K2CD3^ was added to give a basic solution (pH>12) ,> which was 

:extracted with EtOAc. The extracts were dried (K2CO3), 
brz filtered/: concentrated and flash chromatographed (silica, 
; step gradient, : 0-8% CH30H/C:H2C12) to give' the title con^jound 
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(34.9 mg, 65%) . NMR (CDCla) 5 7.43-6i79 (m^. i9HK^ 5.87, 
5.66 (2d, IH/ J^10:66, 10.85 Hz)/ 5.28 Um;? 2H)^^ 4/68 {m, IH) , 
4.42 (m, 2H), 3.71'(m, IH) > 3^58 (m/-lH), 2)9^^ (m, €E) , 

• 2.11 (m, IH), 1.75, 1.51 (2m^^2H)> lV05, 0^97 (2d>^3H, 
5 J=6.32, 6.^45) , "0.68' (m; 9Ey':''^n d^^h'\n^-:\r''^^^^ :t 

d) (2R,4S,5S,l'S,I'^)-5-((l"-(iiiii 
methyl) propyloxycarbonyl) amino-4-hydroxy-N- (1 *'-isopropyl-l 
imidazol-2-yl ) methyl- 6-phenyl-2--pheriylmetfi^ 
10 A mixture of the cbn5)6tihd of ^ Examples 4^^ Tog; 

0. 047 mmol) > CH3OH (4 mL) , aridnaO%? Pd/C( (34 >mg) ,rlwas stirred 
under H2 (1 atm) for 26 h. Thei suspension 7 was f. filtered 

T through Celite®, concentratedr and f.triturated^with CH2CI2 to 
c ; . yield the title con^JOund J4 mg, 14%)r.i::,^^ 5 
15 7.7.32-6.71 (m, 14H), 5.38 (m^ IH) , ^4v55 t WmH) / a3;^72 : (m,. 
IH), 3.55 (m, IH), 2;78 (m, 4H) , 2.55 (m,&lH>>e2ilS?: (m/ 2H) , 

1. 60 (m, 2H) , 1.03-0^61 (m, 12H) . j:? i ^^^ii^^ 

PT>^p^T-af Inn o f^ fr>R. 4S. ■.ft^l -5- f fr-butoxvoarbonvl YamlnQ-4- 
. y 1 > 1 inet! >iyl -6-phf>nyl-2-ph<^n vlmethvl-h ft xan amide . ) v - :^ 

. : ■ ' ^ \ " • : ''v^k' /■ r '^^r '^-W^'":^^ 

25 (a) (l«S)-l'-{carbobenzyloxy)amino-l*-isopropyl-lV-(4- 
(imidazol-2-yl) imidazol-2-yl) methane 

Cb2-(L)-valinal (0.45 g/ 1:4 mmol) was stirred in 
anhydrous methanol at 0*^0 under: argon. ; .Glyoxal = (40% in 
water) (0.22 mL, 1.4 mmol) and ammonium :hydr oxide ) (29%^^ 
30 (0.88 mL, 14 mmol) were added and the mixture r,was allowed to 
stir at 0°C for 1 h. The cooling bath was removed cind the 
solution stirred at room temperature for ^16 h. . Thevmethemol 
was evaporated in vacuo and -the residue^ wasv diluted. :with 5% 
ac[ueous HCl. After extracting with dichlbromethame> the 
35 ac[ueous layer was made basic - with solid sodium carbonate and 
extracted with dichloromethane . The combined organic 
extracts were dried over sodium carbonate,, filtered/; and 
evaporated to a solid, which was chromatographed (silica, 4% 
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J methanol/dichlorpm thM give th title compound (0.216 

. 9/ ,43%) as a,^i^^^ 5.7,.15 , s (br) ) , 

6.88 (2H, a), 6,30 (IH, d) ^ , 4 . 89 (2H^ dd)> 4.52 (IH/t)', 2.05 
(IH, m>, 0.73 (3H, d) , -0.62 {3H, d) . MS m/e 340.2 [M+H] + 

(b) (2R, 4S, 5S, 1 'S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- 
J^'i^^opxopylr^ imidazol-2-yl) ]methyl-6- 

^^5 i ^9^ :^^^^^^ (a) (6 . 13 gm. ) was ; dissolved 
10 in anhydrous methanol with 10% Pd on activated carbon (0.02 
v f:-?ll ?y^^P5®^ . 9as. was: bubbled through the jsplut ion ^ via 

balloon for 1 h and the solution was stirred overnight under 
1 . : ^^-^y^^Sre^ atmo The mixture was filtered through a 

, I ■ ^4 ^evaporated to . yield 1 • -amino-1 • risopropyl- 

15 . i[4-(imida2ol'-2-yl)iinida20l-2-yl]met^ as a white solid 

H p--(0.J.3.g, 100%) ; v^^..^-. : ^ ^ .^ iri-A: > TO.uir:. ;> 

• ;p?'^s,.,cpng^ :was,; combined :with ^e: .compound;: of Example 
^ :^^,;13(a)^ (0.334 0.63 mmol)> BOP reagent (0.28 g, 0^63 mmol) , 

-.and, trielAylan^^ and 
20 allowed tp^stir under Ar for jS d. k The DMF/ was- evaporated in 

vacuot,and;i:he : xresidue was.diliited with dichloromethane. The 
cU. splutipnnj^s::. washed Thecorganic layer 

was dried over; sodium i carbonate, filtered/ and evaporated to 

yield (2R, 45, 53, 1 • S) -5- (t-butoxycarbonyl) amino-4-t- 
25 butyldimethysiloxy-N- [1 '-isopropyl-l (4- (imidazol-2- 

yl) imida2olr;2-yl>^ as 

A portion of the, solid (0.100 g, 0.14. mmol) was stirred 
u- 1 f 1^?"?*?J^^ture under jargon . Tetrabutylammonium 

?^ =r ^^^9^4<i^iJ0 '84.^^ 0 . 84 mmol) was added and the mixture was 
I- r ^ P^^^ ^P^ 16 The solution was dilutedxwith 

s: water and ^extracte^^ with dichloromethane . The : combined 

, , organic extracts,/ were washed with water and evaporated to an 
: V^; ' oily residue.. -.The residue - wa& dissolved in THF and several 
35^^. drops of diethyl^ ether, were added until a white precipitate 
: formed. ; The precipitate was collected by filtration and 
. dried , in . vacuo vto, yield <the t it 1 compound as a white solid 
(76 mg, 90%) . . NMR " (CD3OD) 5 7.37-6.84 (13H, m) , 4.61 (IH, 
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d), 3:69 (2H/m), 3.54 (lH,^d)V 2:84^2; 52 '(M^ (IH, 
m)> r.83 (2H, m), 1.57 (IH. m)/ 1.30 (9H^^s^^ 
0-69 (3H, d); MS m/e 601.2' [M+H]+ ^ ^ ^ ^^'-^ 



Example 49 



Pirpparaf-inn r2Rl4S; 5S. irsV-5- Tdt fhvd3rQ3H>met:tivl) ^ ^ 

a) di (t-butyldimethylsiloxymetiiyiy methyl- (^-nltrophenyl 
"carbonate * - - - .jaj-" ruv>i> d rio')- .ych. A-.a . . .; 

A mixture containing biis (4-hitroptenyrr 
g, 6.21 mmol) r di (t-butyldimetbyislloxymethyi nietKanbl (2 . 00 



15 g, irl eq) and 4-dimethylaiiiinppyridine (TlST^ lrngJ^' l^^eSq^ 

dichloromethane (100 iniL) was stirred at^robm tentqpe^^ for 
^ 2 d; The mixture was -diluted with 'dichlorbmefelSane and washed 
i:t with saturated aqueous Na2C03', brine, and (^ied over Na2S04. 
The solvent was removed In vacuo, arid - tiheVreSidu^ V 
20 purified by flash chromatography ^(silica^ -lb j^-^ 
. J acetate/hexanes) to afford the^ titl^ ^ cbmpdund*'^ (75%) ; NMR 
(CDCls) S 8.29 (2H; m) ,.-7.37 (2Hr rm)> ^ :3> 96 (lH>t m)V>^3 .85 

v-;(2H, d), 3.82 {2H, d)r 0.89^(18H^?^-s>^;^^^0?09^ 

25 b) "(2R,4S,5S,l'Sy-5-(di(t- " r; -^r^. . -1;:-;^;.: ^VvL'b;:^--^ fl- 
butyldJLmethylsilbxymethyl) methylos^carbbnyl] amiho-^^^ 
butyldimethylsiloxy-N-- (1 »-isopropyl-l •-imi;da2bl-2-^yl)'^m^ 
i ; . 6-phenyl-2-phenylmethyl-hexanamide^ ' na^3:i:;^q 

A solution of di (t-butyldimethylslloxio^ 4- 
30 i. nitrophenyl carbonate (475 mg, 01 974vimhol) / the" compound 'o 
Example 13(a) (178 mgV 0.325 mmolj and dimethylamihoJ>y^ 
(119 mg, 0.974 mmol)' in methyleiier^ chbii^^ 
under Ar for 24 hi The solution was-^washed^ with* aqueous 
: Na2C03, dried over solid NaaCOa^ and concentrated- in vacuo . 
35 Flash chromatography (silica; 4% methembl/dichibrbftiethane) of 
the^ residue provided the intermediate^ {2R, 4S; 5S, 1 ' S) -5- (di (t- 
, butyldimethylsiloxymethyl) methyloxycarbonyiy am^ 
butyldimethylsiloxy-N- (1 * -isoprbpyi-f (1- (di (t- 
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butyldixnethylsilpxym thyl) methyloxycarbonyl) imidazol-2- 
yl)methyl-6-phenyl-2--phenylinethyl-hexsuasuiiide, which was- 
X- dissolved in_eth with 10% ;NaOH, r^ dried over Na2C03r 

^ :.t: :and, concentre compound (197 mg, 71%). 

5 NMR (CDCl3)-.S^7.43-^^^^^^^ (2H, s), 6.65 (IH^ 

a; ,bs), 5.09; (lH, d)r 4.78 ;flH, bd)> 4.08 (lH, m), 3.89-3.50 
V 3 (7H, m)::v 3> 00-2 ,80 I (4H, m) V> 2 , 65 (IH, m) 2 J 55 - (2H/ = m) , 1 . 90 
: (IH/ ia)V^1.78t (IH, m), 1.10-0.85 (33H, m) ,; 0:20-0.06 (18H, 
. U'l r^; . - • J- . :•',;■>•■ } 

lO^ .e-Vv^A .-a;. ^ , . .i , ^ ^- ; ^ .r. . - 

; cy , (2R,4S/5Sf l 'S)r5r (cli(hydroxymethyl)methoxycarbonyl)amino- 
4-hydroxy-N- (1 '-isopropyl-l •-dLmidazol-2-yl) methyl-6-phenyl-2- 
phenylmethyl-hexanamide 

A mixture containing, the conrpound of Example 49(b) (50 
15 mg) and ethereal HCl (4 eq) was allowed to stir in 

methanolrwater: (9:l)::at room.ten^perature overnight. The 
T X solvent vaSd^removed.:in vacuo, and the residue was diluted 
with ethyl -acetate and washed with saturated aqueous Na2C03 . 
The product was purified by flash chromatography (silica, 4% 
20 methanol/dichloromethane ) ^ to C afford the title conqsound'^ :^ 
^ - J29 :mg, 94%) . m) , 6.71 (2H, 

s) /^4.50 (IH, id) ^ 3.90 (IH^m) , 3.65-3.34, (5H, m) /\2:.82-2.45 
(6Hr m), 1.99 (IH, m) , 1.74 (IH, m) , 1.52 (IH, m) , 0.78 (3H, 

.i d), 0.60- (3H,/-d). . -dj Z ■:..;v-,-'r ■ ^ -.- - 

n:-:/fr .K, k. \ r- Example 50 . : . 

vll oxvcarbonvl) aminQ-4-hvdrQxvN- (1 sop ropy 1-1 »->imida zQl-2- 
30 V , vl>mftthvl-6-phenvl-2-nhPnvlmethylheyanamfrff^ 

{V o ; r > 3 Reacting ^,the compound of . Example 32(b). (81:mg/ .133mmol) 

? with, m-chloro perbenzoic acid (23 mg^ 0.133mmol)in CH2CI2 
; J. yielded: the. title; com^ NMR {CD3OD) 5 7 .20-6.85 (lOH^ 

i r m) , ^6.T8 ;(2H, s) , 4 .51 ,(1H, d)., 3.66 (IH, m) , 3.42(1H^ m) , 
35Ui 2.95-2.411 (9H/' m)^ 2.32-2.01 (2H, m) , 1.99-1.63 (4H, m) / 

. 1.60-1,41 .{2H/ m)>. 0.78 (3H, d>, 0.60 (3H, d) ; MS m/e 595.2 
[M+H] + . ,h ) A. o.: .r ■ . ' „ 
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. . ^ . .r- Exatriple- 51 I - ^ 

5' yi \ TnRt^hvl-fi-phenvl-2-^henviinetWih ^ 
. r Reacting the compound ) of 'Exaitqple .50 ^(31) iriig,- i49:.2jiinol) 

iwith m-chloro perbenzoic acidt (10 mgyi 59.2; iiinol),iiri methylene 
: chloride yielded the- title; compound^v^NMR j(CD30D)^;.<^ 7 .20-6 . 85 
(lOH, m), 6.76 (2H, s) , 4.48 (IH, d) , 3,68 (IH, m) V'^ 3.44 (IH, 
10 m) , 2.96-2.42 (9H, m) , 2.32-2.04 (2H, m), 1.97-1.62 (4H, m) r 
1.61-1.43 (2H/m), 0 .79 (3H; d)',^ 0 . 60 {3H, d)^;^ MS m/e 611.2 

: Eyamole 52, ? x:^ v^:;- - 

: ap?^t:oxYAt^liQyvea rbonvl> amlno-4-hvdrQXV^N- f 1 '-lSQPrQPVl-1 
i mi da 2ol- 2-y 1 > tnet^hyl -f>-phf>n vl->2-phen vlmftthvl-^he3^^^ 

20'-.^ (a) r:(2R/4S,5S,l«S)-5-(lrl-dimeth3rl-2-0|^^^ 

hydroxyethoxycarbonyl) amin6-4- ( t^utyldimethylsilyl) oxy-N- 
- (i»-isopropyl-l'-imida261-2-yl)methyl-6-phenyl-2- 
. ^ phenylmethyl-hexanamide ^ " ^ ' ' -jf: -.i^y. r ' " :t;r:v: . 

The compound of Example 38(b) (223 mg^ 0;;221 mmol) was 
25 dissolved in 10% aqueous methanol and combined with IM HCl in 
ether (0.221 mL, 1 eq) at room temperature. After completion 
of the reaction the solvents were removed in tfacuo. The 
residue was -dis solved ini dichioromethahe'; fi^^ 
r _ aqueous saturated Na2C03 . VThe. organic -'laiyer was -concentrated 
30 and the residue was purified by flash- chroraatcTgxaph^^ (silica/ 
: 4% methanol/dichloromethaine) to provider. the title compoxind 
(138 mg, 94%). NMR (CH^ClS) 5 ^7 .38-6v81,? (12H; ria^ 

- (IH, d, rotamers)/ -4.81+ 4 j^48 v(iH/ ' t,^ vitamers) v^^4.^^^ + 4.08 
(lH,d, rotamers), 3.90 (lH,q)\ 3'..72 (2H/ m)> 3. 50+3.38 (IH, 
35 d/ rotamers) r 2.98-2.48 (5H, m) / ;2.35 (IH/ m) , lv98- :(1H/Cm) , 
1.79 (IH, m)/ 1.60 (IH, m); 1.30:(3h> s)> 1.29 (3H,s), 1.09 
-0.85 (15H, m), 0.79 (3H, d) , 0. 11 (6H, m) . iJ 'I 
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(b) {2R/4S,SS/lfS)-5-(lrl-dlmethyl-2- r r 

) .nru;acetoxyethoxycarbonyl) aiaino-4-liydroxy-N- (1 •-isopropyi-l 
'• '^ . -imida2ol-2-yl)"metAyl-6-phenyl-2-phenylmetliyl-hexananiide 

) r -The.conqpound: of : Example 52 (a) (103 mg^ 0.155 inmol) was 
J- 5 stirred -with acetic anhydride (30 mg, 0.309 nrniol). and DMAP 

(40 mg^ 0.309 jnmol) 'in methylene chloride at room temperature 
. under argon: overnight • . The solvent was removed: in vacuo and 
the^ residue cwaa flash chomatagraphed (silica, 4% . 
methanol/dichlbromet hane ) • . . b 
10 The resulting 4-t-l>utyldimethylsiloxy intermediate (105 

mg, 0.140 mmol) was .stirred in methanol: water (9:1) with IM 
' HCl in lether ' (0.14; mL, 1 eq) • The solvents were removed in 
i vdj. .vacuO/ rthe ^r^sidue: w^ with dichloromethane, and the 

solution was washed with aqueous: Na2C03 . The organic layer 
r 15\ <was concentrated and the > residue was- purified by flash x 
^ chromatography:: (silica, 5% methanol/dichloromethane) to 
>if.7 3 provide, the .title ponpound, (82 mg> 91%);. NMR (CD3OD) 6 7.29— 
^ 6.90^ (IOhV iai),fl;6^ s), 
V 3.59;(1H; m);^3.42MlHrDm)/ 2.80--2.45 (5H^ m), 2.00 (IH, m) / 
^ 20^>}i:98 (3H,Hs), 1^72 (IH, m), 1.50 (IH,' m) , 1.34 (6H, d)^^ 0.81 
(ni vn-^:(3H;^d)v:^0^.60v^(3H;Xd) ^ % ^: -/v^- ^ .l v-_. 

25 Preparation of f 2R. 455. 5S, 1 «S> -S- r/1 . l-diTn^fhyl -5>- f benzyl ovy 
carbon vlglvgvlQXv> ethoyvgaybonvll aTnine-4-hydrQvy^W- (^ 
i 9Qt>rot>vl-l « -imidazQl-2-vl > tneth vl-C-ph^n vl-9-pb^ny1 metthy 1 - 

• - i V f i: hexanamide hydrochloride salt . . ■ i: / v ; r a 

30 a) (2R^4S,5S,l'S)-5-((l,l-dimethyl-2- : ; ; 0: 
carbobenzyloxyglycyloxy ) ethoxycarbonyl ) £Lmino-4- ( t- 
butyldimethylsilylbxy) -N- (1 • -isopropyl-1 • -imida20l-2- 
V o ( iyl)'methyl-6-?j>henyl-2--phenylmethyl-hexanamide 

^ The -coxnpound of ^'Exan5>le 52 (a) (100 ' mg, 0 . 151' mmol) was 
35 reacted with 2-chloro-l-methyl-pyridium iodide (92 mg^ 0-36 
-aw \. mmol) , ■DMAPj'^ (75 mg, )0. 60 mmol) and Cbz-glycine (63 mg, 0.30 
mmol) in -methylene chloride (5 mL) ' under argon at reflux for 
, ' . 3 hv , Solvent sj\were £ removed in vacuo ^amd the product was 
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purified by flash..: cliroinatagraphy • (silicai^^^"4% ^ : (« > 
■ meth2tnol/di chloromethane ) ^^*to provide the c tit le - compotmd (95 
U mg,; 73%) . NMR (CDCl3> iS 7 . 41t 6^7 l{j(17H^v m) /loS^ 6^ 

6.00 (IH^m), 5.20 (IH^ m) / n5 • 15 {2H>Tas)rrio4 • 83 .'^ 4.55 (IH, d, 
5 rotamers) , 4 . 65+-f 4 .48 (IH, tt^ii rotamers) ^f:^4 v81 i^+a4 .38 (IH, 
retainers) 4.03 (lH,q)>v 4^02= (2H/M),>^ 3i:85-f3.,68j (2H, d, 
rotamers) / 2.85-2^48 (5H, /m> r 2.38 . (IH,. m) 1. 90h(lH, m) , 
1.55 (IH, m),. 1.38 (3h, s)v 1.29 |3H/s):, ^0i90e(9H/::m) 0.85 
(3H, d), 0.70 (3H^ d) , O.ir (6H/vm) .re^ rt-t ^-A Koa-^^^^ 
10--- ■ . '-^ '^-z -J-^ x^: , ocii: '0.c 

Ox. b) (2R,4Sr5S,l*S)-^5-((l,l-diiaethyl-2-: pi .^r ^qr^ 

I (benzyloxycarbonyl) ethoxycarbonyl) amiho-^4-hydr6xy^N" (I 
' u isopropyl-1 • -iinida2ol-2-yl) methyl-6-phenyl-2^henylmethyl- 

-hexanamide hydrochloride ■••salt^^^Af i7^:h:i^^' S'^te" siQi^iyslo^ 
15 v: The confound of Exanple 53(a)/. (12 mg/!^0.'014 *inmol).^was 

stdLrred in methanol: water k(9:i)r>vltii) lM!Bci3U2:i^ ether 
fi overnight . The solvents were r^emovefi' Ixi vafeurf- tovgive th^ 
f , title compound : (8 mg^ 73%) Mflt(CD30D) (.5 X*35k (2H,s),' 7 .31- 

: 6.85 (15H, m)^, 5.00 (2Hr s) , i4.S9^ (IH, :d) >;4.15i}ClH,edr 
20 b rotamers) , 4 . 65+ .4.48 (IH, t, rotamers) , ^ 4?. 81 1 +) 4 ; 38i; (2H,^ dd) , 
3.80 (2H,d)/ 3.59 (IH, my r 3-40 n(lH/^d)Wi?^^^^ m) r 

2.00 (IH, m)r 1.60 (IH^ m)^ 1.55 (1e/ m), 1.31 (3h, s) , 1.29 
(3HrS)r 0.91 (3Hr d)r 0.60 (3H, d) / 

J. Pr>i>paT-a1-ion of f 4S, 5S. 1 'S> ->5^ r f 1 . l>-diThf>thv1 

glycylQxy) ethoxycarbonyl ) aminQ-4-hydrQxyN- f 1 '-Isopropyl-l 

iTnidagol-^-Yl^methyl-6-phATiyl-g-ph^nylTTt^1^hyl-hgyanaTnidf> 
30 dihydrog^hln-r-TdA ftalf- • . ; j ; ) ■ \..: y- .aC: , n -.^ 

a) (2Rr4S,5S,l»S)-5-{lrl-dimethyl-2- i I ^ v . 

glycyloxyethoxycarbonyl) amino-4-- (t-butyldimethylsilyl) oxy-N- 
(1 r-isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl-2- 
35 phenylmethyl-hexanamide . * -o-y >l-. u:y r>^ r^^ 

The compound of Example 53 (a) .(58 jmg, -yi.0678mmol) wa 
Stirred in methanol with 10% Pd/D (50. mg) : under .1 atm 
hydrogen overnight . The reaction mixture^ was filtered 
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through C lite® andr the solvents were removed iii vacuo to. 
yield the title con^jound (48 mg, 98%). NMR(CD30D) 5 7.32-7.02 
iJ^lQR, M)r 6,99:l2E,:ia), 4.68 (IH, d), 4. 40-4. 28 (2H, dd) , 3.81 
(2H, d),: 3.80-3.67 .{2H/ m), 2.90-2.49 {5H, m) / 2.15 (IH, m) , 
S 1.97 (IH/ in),rl.48b(lH, m), 1.40 (3H, s), 1.39 (3H,s), 1.15 
I (3H, d), 0.95> (9H, s), i0.70 (3H, d), 0.11 (6H, d) . 

b) ' : (2R, 4S, 5S, 1 'S) -5- ( (1, l-diinethyl-2-glycyloxy) ethoxy- 
carbonyl) amino-4-hydroxy-N- (1 • -isopropyl-i • -imidazol-2- 
} 10 yl)methyl-6-phenyl-2-phenylinethyl-hexananiide dihydrochioride 
salt • ; ^ 7? - ' i ,1; ^ 

rh& compoiind of Exanple 54 (a) (43.5 mg, 0.060 mmol) was 
stirred in methanolxwater • (9:1) with IM HCl in ether (0;12 
mL, 2 eq) for 2 d. The solvents were removed, in vacuo and 
15 the product was trituated with ether :methanoi ;(20:l) to yield 
. ' - the title compound (40:Lmg>u98%) V NMR(CD30D> .5 7.35 (2H, s), 
7.30-6.92 (lOH/ m), 4.60 dH, d) , 4 . 25 (2H, dd) , 3.75 (2H, 
d)., 3.59 (IH, m)»3.49 (lH,m), 2.90-2.51 (6H, m) , 2.10 (IH, 
-m ; 1. 65' (IH, m) , 1;54 " (IH, m) , 1.30 (6H, s) , 0.90 (3H, d) , 
20: :: 0.60 (3H; d) . i; 

- ^ Preparation of r?R,4S.SS.Tfi5-5-f n . i -rijni^i->,yi,t>- 
25 hydroxy) ftthQXVnarbnnvl \ am^ nr>^4-hY^^ ^ ^->J- '-^ t- 
Isopropvl narbonyl i midazol -?-vi) \ m^^y^y^ ^g-phAnvi 
Phenyl methyl -hf^xanam j rip> ri j Ti yriT-ooVi iny^ «a 1 4- 

a) (2R/4S/5Sr l'S)-5-andno-4--t-butyldimethylsiloxy-N-[l'^ 
30 1 : isopropyl-i:'-(4-isoprc^ylcarbonyl-iinidazol-2-yl) ]methyl-6- 

phenyl-2-phenylmethyl-hexanamide 
L *;r- - : r Using the ^ procedure of Exanqple 13(a), except 
-n: siabstituting the -coiri>ound of Example 28(d); the title 
' compound was prepared. ^ * 

^ b) (2R,4S,5S/I'S)-5-((i;i-dimethyl-2- 

hydroxy) ethoxycarbbnyl) amino-4-hydroxy-N- (1 '-isopropyl-l (4- 
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isopropylcaxbonylimida2ol-2-yl) )'met:liyl-6-phenyl-2- 
phenylmetAyl-hexanamide hydrochloride salt' '^ "^ / 

Following tlie procedxires lof ,Exanqple2 38 (b) -38 (c) , except 
substituting the coii5>ound ^of Exaniplef 55 (a): for ) 
S* (2R,4SrSS,l'S)-5-amino-4-t-butyldimethylsiloxy-N-T('- 

isopropyl-1 * -imidazol-2-yl) methyl- 6-phenyl-2-phenylniethyl- ^ 
hexanamide, the title compound was prepared. NMR (CDCI3) S 

7.49 (IHr s)^ 7.13 (5H,. m)y 6v84 : (5H/ m):?;:.5u53 (IHri d)> 4.47 
(IH,. d), 3.79 (IHr m)r '3-60 (IH/.m), 3.44 (2Hi.>.m^ 3.16 (IH, 
10 m)r 2-81-2.50 (5H^ m) > 1 . 92 ( IH^ m) y .1 .;62 {2H;:> m)V l.lSi (14H, 
m), 0.72 {3H, d) , 0.58 {3H, d) ; MS m/e 621.4 [M+H]+. 

{ ; Example 56 yu. :: - ;: v. ^ 

15 Preparation nt (2l^.Afi.5<i.l*Si^'5''((l^\^l^f^YM^. . 

hvdrexyethoyyr!arl^onyl>flTninft-4-hydrexyN-Yl '-iaopyopyl-l 
^ j mi da?!Ol-2-yl ^ methyl-6^phenyl-»2-phenylTnf>f^hylhf>yaTiaTn-> de 

•:- ^ u Ar:. ::■ :) Cj'Vf .E'i ^" ■ - = . ih 
Using the procedure of r Example 41/ , except, substituting 
20 2 (S)-t-butyldlmethylsiloxy-l-metliylethanol in : 41 (a) n (prepared 
from 2 (S)-l,2-propanediol) / the title compound was prepared. 
KMR(CD30D) 5 7.38-6.90 (lOH, m)/6.83 (2Hr s), 4;^^^ 

3-61 llEr m), 3.34 (3H/ m> , 2.82-2.44 (5H, m), 2.00 (IH, m) , 
1.66 (IH, m), 1.52 (lHr ;m)> ,1^08:;(3H, Id) /, 0^85 0.60 
25 (3H, . d) . -ffiiv a^- Z 'JL'-. ' ' 

, Example 57 ... -J.;^ h'' ''' ' 

- Preparation of f2R.4S,.S5;. TS>-?>- r flR^^I-Tnethyl-?- 

30 hydroxvethoxvcarbonvl^ aTnino»4-hvdrnxyW- n^— i fif^propyl-l «- 

imida7:ol-2-vl) methvl-6-phenvl-2-pheTivlTnf>thvlhf>yananilrf#> 

Using the procedure of Example -^41, v except substituting 

2 (R) -t-butyldimethylsiloxy-A-methylethanol, lin 41 (a) , the 

title conpound was prepared. * NMR(CD30D) ^5 .7 .39-6.88, (lOH, 
35 m)^ 6.82 (2H, s) , 4.56 (2H, m) , 3.60 (IH, m) , 3.36 (3H, m) , 

2.81-2.45 (5H, m) , 1. 99 (IH, m) , 1. 65. ^(IH/ m) , 1.51 (IH, m) , 

1.03 (3H^ d), 0.84 (3H, d)^ 0.60 , (3H, d) . , 
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. ,y.^i} ■ 3^1.) }M ■■: .<: <v- no^ • ..-i •■j;. ,■• 

Preparation -of (2K.AS. 5S. l '.S> -S- i n-arAl-xr l > «ni4r.ft-4-hvdrQxv~W- 
(l'-iSQPrQT?Vl-l'-itnldaZol-2-vHm.>fhy1- 6 -phAnv1-9- 
.5:; phenvlmfiUhvl h*.vanaitiH .; , • .c 

TOie title 7Con5>otinci was prepared; by, the procedure of 
Exan5>le 13 (a) -(c), except substituting acetic anhydride in 
) . ..- place.-Of ,,i^pprppyi^ichi^ 5 7,. 21-6. 90 

(lOH, mj, J 6.81V: (2H,.s),,- .4.58 (IH, ; d) , : 3 . 98 (IH, m) , 3.51 (IH, 
10 m), 2.85-2.49 (5H/ m)V.a.99 (IH, m) , a.68L, (3H, s), 1.61- {3H, 
X ( : m) , .::1.50 (IH, .m)v S0.80 (3H, -d)> 0.60 (3H, d) . 

'■■ - ^' ■ -•■ ■■ > Vi-f ■>-,-:-; ■- . •, ■. > t:'-. ' ■ . . • .... 

15 ( Preparat .i on of f 2R. 4S. 5S. !'.«;> -■s-.r<:-Wov^^A ^ honx.i > ^n,H t,^,^- 

hYdrOXY-N-(l '-iSQPrOPVl-1'illilday.ol.g-vl ^niot;hvl-fi.^h^n vl-.2- r4- 
benzvlQxvphenvllne^■hvl > ht>v>in«m4 rto 

a) (3R, 5S,1'S)-(1 »-t-butoxycaadx>nylamino-2 '-phenyl) ethyl-3- 

;^i2p 3 ,,(4rb(mzyloxy)phenylinethyl-tetrahydfcofuran-2-rone^^^:^^^^^^^^^ Oi. 

i::- i? ' a Q fi v ^LFollowihg-the .procedure: of V Example. 12 (a)>;: except using 
(4-benzyloxy) benzyl. broniide,;i the title^ con5)ound was prepared 
(284 mg, 27%). NMR(CDCl3) 8 7.48-6.72 (14H, m) , 4.94 (2H, 

^ • s)v 4.43 <(1H, d)>0i4-;12 (lH,^dd)> 3.83 (IH, q) > 2.97-2.62 (5H, 

.25 h )m)> 2.12;-MlH, ^m)/ .1.85^^^ 

P ,55 rb) .!:i(2R, 4S; 5S):r-5- (t-butoxycarbonyl) amino-4-t-butyldiinethyl- 
,;r 5 siloxyT6-phenyl-2- (4-benzyloxyphenylmethyl)he3canoic acid 

Folowing. thei; procedure of ^ Evans 'et al.i J. Org. Cbem, 
30 50, 4615 (1985), except substituting the compound of Example 
59(a) for benzyl Ibrornxde; the title compotind was prepared. 
NMR(CDCl3) 6 7.42-6.76 (14H, m) , 4.99 (2H, s), 4,69 (IH, d) , 
3 . 91a(lH,'rq) , ,.^ (5H, .m), 1.85i(lH, m) , 

1.52 ;(lH,/..m);;.'.a^^^ s) , -0.88 (9H, - s) , 0.04 (6H, m) . 

c) 4S; 5S, 1 'S) -5- (t-butoxycarbonyl) amino-4-t- 

butyldimethylsiloxy-N- (1 •-isopropyl-l"»-±midazol-2-yl)methyl- 
6-phenyl-2- ( 4-benzyloxypheuylmethyl ) hexanamide 
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Following the procedure of Exanqole 12 (c), except using 
(b) , the title compound was prepared (284 mg, . 92%) . 
NMR{CDC13) 5 7.42^6v74 (16H? m), 5.;04l(2H;as)V-4'.99 (IH, d) , 
4 . 77 (IH, d) , 4 . 5i (IH, dd) , 3^ 93 ^ (Ih; Aq) :^X39-69^j{iMr m) , 
5 2.80-2.39 (5H, m) , 1.81 (IH, wY ^ 1.62&!(iHmiyr^i,33 (9H, s), 
0 . 92 (9H, s) , 0 . 75 (6H, dd) , 0. 07- (6H, d) • 

■ i-:..U iif ;!uv.:vv,3 ^.i.:) -is)i:.i \,1 vufyiS ■ 

'■■ - d) (2R, 4S, 5S, 1 »S) -5- (t-buto:qrcaLrb6hyl) eijiiiino^4-hydrSxy-N- (1 •- 
isopropyl-1 ' -inddazol-2-yl) methyl-6-phehyl-2f X4-0 V ^ 
. 10 benzylo^^phenylmethyDhexaaamide :) 4^^. s:-3l/3 "Cii^ 0.; 

Following the procedure of 12(d) v .except, using (c) , the 
title compound was prepared (100 mg, 94%) . NMRCCDaOD) S 
7.41-7.09 (lOH, m), 6.85. (2H, d) , 6.79 (2H, s) , 6.58 (2H, d), 
5.41 (IH, d), 4.90 (2H, s) , 4.47 (IH, d), 3.62 (IH, q), 3.48 
i 15 (lH,: d)> 2.79-2.48 (6H, m)?,^2.02- {lH,;:m)!,^?i.;62 «(2H/^ m) v ^ 1 . 33 
■S::. (9h; s),v0.74 (3H,rd)> ,0.61: (2^--<»-:^ii:-lj:jj::Bm!: JOh^jJ. 

' ■- • • - -^^i- - -iii*.. , . -i^r::;^,, 

- ^ Following ^the: procedure" -bit Exau^ using 
25 the compound of 59 (d) , the title, compouhdiwasi prepared f (56 

mg, 86%). NMR(CD30D) 5 7.18 (5H, m) , 6.84 (2H,s), 6.73 (2H, 
f. .d) , 6.44 .(2H,. d) , 5.32' (IH^ dJ.Vu4 .45 (lH;cd) > . 3 > 61 (V(1H, q) , 
; 3.42: (IH, m), 2w80-2.42 ; (5H,rm),p2v04C (lH>:tem)yvi.;6ia(2H, m) , 
v 1.31 (9H, s), 0.70 (3H,';d)^ 0^61j'(3H/-J:d)^,hwc>A^;:i 
'30- :. • L • ;■ :■n^y..■'^ ^( 'By^ ^i:;. .Oc C-'^ ' 

.: .;-5'/ i..,; i^" Example 61 :v;An-^ (tsi^a 

' ' ■ ■ ' ■ . <.^XDt 3) - 

Prfipnrnf i on' of f 4.«> . '>.«?) -5- r1-h1l1-»v^r...^v^^»y^ ,van,^ 

a) Ot-(t-butoxycarbonyl)-amino-a-cyclopropylacetonitrile 
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is 



TO a solution of cyclopropylmethanol (lo 2 a 141 
i.in..methylene, Chloride (250 n^, sodium acetate 'a \Tn 

^^^ T^T' "'^'' portions over.a pe.io. o. 1 0 
a00»,;f i^^^ ^^action with, ether •.. 

. dOOaL). filtered .through.celite® and washed with ether The 
.combined organic extracts ^^ •^ix^ ether. The 

15-18-c ^^«=^^«^«cts r(l L) were.concentrated.in vacuo at 
. 15 .18 Cto yaeld formyl cyclopropane. " 

.a^^ ^3 dissolved in water (50 »L» « h 

ammonium JchlorldeiVfi «;i ^% ^ . water (50 mL), and 

cnxoride.. (6.51 g), potassium cyanide (7.16 c) and 

^aqu.eous.ammonium-hydroxide (lOO mL, 28%^„/w,: 
ndxture was^ stirred Pat rol™ ^ w/w} . The reaction 

with ethvl .lit . temperature overnight; extracted 

With ethyl, acetate,. and the combined organic extracts were 
dried over MgS04 ^ Piltl•a^^«», =*».«cc5 were 

in vacuo yieLd'a^!!! T «°l^««t 
oil. - . r amino-a-cyclopropyl acetonitrile as an 



20 



To a solution of the crude emlnonitrlle '(2 g) in THE- ,20 
»W^-l^ert-b«tyl<Uca.bon.te :<x.53 g,>r .^1,^^^^^^^^^ 

r.. n,. ' "-^ 28). 

•25. '«-(t-bnto=q,c.rbonyl^-a..ino-a-cyolopropyla=etaX<^^^^ 

- -- .^^i, °' conpouhd of ExMple 6l,a) . (i „ s , 

U.^,:(20^^y^ <"lsobutyl.l»ani» hydride ao s L 
; ->■ 10.5 ™olMM in THF) waa added at -7e->c, S JT" 

:-;-.^ct^ .^«ur. :.a3.allo^d to 'o-C 
30 .rh and atlrred at.O-C for an additional 1 h. . The rea«l!n 
V ..:«xture,:„aa:,;n.enched with.„eOH ,2 , and satJtL 
P«asaln„.aodium tartrate,aol„tion, ,100 „aa added 

S^^^^^^^^ X iT^r r"'" chro^tography 
isixxca, 1.10 ethyl acetate ihexane) gave the tit ^« 
i as a;. colorless cftH^ ^r)ic . title compound 

. .Oiorless,solid.,(225rmg)-. ^NMR(CDCl3, 400 MHz) 5 9 45 



Wb 93/02057 , ; PCrAJS92/0«M7 

- 104 - 

c) 1- (t-butoxycaxbonyl) amiho^l- (ixnidazol-2-yl) -1-cyclopropyl— 

A mixture of the compound of Exainp^re -61 (b) (178 mg, 0.89 
5 mmol) ; glyoxal (150 mL, 1 mmol/o40%^aq) /^^amnoriium^!^^ 

(5 mL, 28% aq) and MeOH - (5mL) ^^was stirred at foomtteiitperature 
for 10 b. The solvents were removedoincxracub^and-Jthe residue 
was titurated with ether 'to yield : a btrown solid (53 Xmg) . The 
solid was passed through Florisil®;- and ^elutedv with 5% 
10 : MeOH/methylene chloride. RemoTOl^df itheis6l\ne^ 
:ji ::: followed by trituration provided: the ; titlei*iCompound ;as a 
colorless solid (19 m^g) . MS(CI/NH3) m/e 238.3v TM+H]+- 
^ NMR(CD30D, 200 MHz) . S, 6 . 9 (s, 2H) , 4 .l:;,(bd, f IH) ^ 1.4;^{s, 9H) , 
. .. 1.3 (m, IH), 0.6 2H) , 0.4 (Ta;^^2R) f rill, v^ iro . 
: 15 - ". * ' ' -i'^'-^ '' i^^rd.-;.^-y our:. --: 't-':. 

d) l-amino-l- (imida2ol-2-yl)-l-cyclopropyl-methenert 
^~ trif luoroacetate :^ o . . , U?.-:, >^ 

-The conqpound of Example 61(c)i: (15 mg)j;waS- dissolved in 1 
mL of TFA and stirred at ^ room temperature: for - 201 min. 
20 1 Solvents removed In vacuo to give:, the J title*: compounds as a 

semisolid residue., % llMR(CD3OD,i200 MHz) rSj.l (s, n 2H) , 3.8 
(d, IH, Hz), 1.5 (m/ lH>, 0.5-0.8^(11^ 4H)^-^^^:^^^^ 

e) (2R,4Sr5S)-5-(t-butoxycarbonyl)amJLno-4-(t-butyldimethyl)- 
25 siloxy-2-phenylmethyl-6-phenyl-N- tX^-cyclopropyl-l '-^imidazol- 

2— yl] methyl— hexanamide c:a. . J ;^ ( . Ijc^^v: - e'C 

The compound of Example 61(d) rwas dissolved (in DMF (2 
itiL) land.NMM (26 mg, 0.25 mmol) was- cLdded^and; the solution was 
/ . stirred at 0**C for 30 min. (2Rr 4S, 5S)— 2r^phenylmethyl-4- (t- 

tab . butyldimethyl) siloxy-5- (t-butoxycarbohyl),amino-6-phenyl ; • 

hexanoic acid (38 mg, 0.07 mmol). emd BOPpreagent ^ (30 -mg, 0.07 
mmol) were added and the .reaction was rstirredi at robm 
temperature for 24 h. The j react ion: was diluted with; ethyl 
acetate (100 mL) / washed with aqueous rsodiuA bicarbonate and 

35 dried over anhydrous potassium carbonate!;. Removal ot r 
solvents in vacuo, followed by flash chromatography '(silica, 

ir 5% methanol/methylene chloride) ( yielded the title comp tind as 
a mixture of diastereomers (25 mg);;^^^ pi.n a'. 
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sji.; f) i?(2R^4S,5S)-5-{t-butoxyceui±Lonyl)ainino-4-hydrpxy-2- 
■ V - ; phenylmethyl-6-phenyl-N- £1 '-cyclopropyl-1 '-imidazol-2- 
j; ylj.methyl-hexcmainide . • : 

u. 5 .; ;, The con?)oimd of Exanple =61 (c) was dissolved in THF (2 - 
; . n»L), and tetra^^^ IM in, THF) was 

added. = The; reaction was stirred at room temperature 
/ overnight and methylene ( chloride (100 mL) and water (10 mL) 
\were added.,,) The organic layer was dried over potassium 
10 carbonate, and the solvent was removed in vacuo . to give em 
9^h. Plash chrpinatography (silica, 5% methanol /methylene 
chloride) gave a colorless solid which was a 1:1 
diastereomeric mixture of the title confound. 

a: corimirinznl-^-vT 1met:hv1-h»viinam<rt«>» a^^: . . ' . 

r Tu a) Purification. of theaZS mg of the contpound of Example 
25 61 (e) by .flash ) chromatography ? (silica, 3% methylene 

chloride/methanol),,3ryielded 48 mg of isomer 1, IS. mg of 
u ..L-h isomer .;2 and^20 mg of combined fractions . Ifl NMR for isomer 
7r ,rx 1 (CDCI3, r400 MHz) • 8.7 .1-7,. 4 (m, lOH) , , 6 . 95 (s, 2H) , 6.1 (d, 

b lH) ,j 4 ..85 (d,: IH) , r4..15 (dd, IH) , : 3.75 (q, IH) , 3.6 (m, IH) , 
l3t)uc! :2;.9(dd,,,lH),.t:2.j7. (d,, 2H), 2.6 (dd, ; IH) , .2 . 3 (m, IH) ,. 2.0 (m, 
w t :1.1m f> "i-^ ^-411^,^.10)1; 1.4 tm,j:lH),. 1.35,t (s,.- 9H) , 0 . 95 (s, 9H) , 

j0v7 A(in,:rlH),,.uP..4, lm,i im (m, -IH) , 0.2 (s, 

a; o ^^V'aiOf?: <S#,-3H),,. 1h 2 (CDCI3, ^400 MHz) 57.1- 

07 7r4::(ro, lOH),., 6.8j,(s, 2H^ (d> IH) , 4 . 6 (d, IH) , 4.0 (m, 

35 2H), 2.5-3.0 (m,4H), 1;. 8 :(m, ■ IH) , 1 . 7 ,(m, IH) , 1.5 (m, IE), 
1.4 (s, 9_H), 1.0 (s, 9H), 0.7 (m, 2H) , 0.2 (m, 2H),.0.1*(2 
overlapping singlets, 6H) . 
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b> FoXlowing tlie procedure of Elxample . 61 (f ) / except 
* isiabstituting the compounds ^bf*-E3raunple "6^^ tlie title 

compounds. NMR for isomer- 1 i(CD30DV' 400 MHz)7 5 7.1-7.3 (m, 

lOH), 6.95 (s, 2H), 4.25 (dr IH^y ^3V5-3:if'(^ 
5 (m, 5H), 1.7 (mi^ 2!H) > 1^4 ^(5/ 9H) /^1';^^^^^^ 0.6 (m^ IH) , 

0.25-0.4 (m, 2Hy, 0.05 ^(m/^IH) ;^^(ES^^ 1h 
vNMR for isomer 2 {CD3OD) 5 7;1^7i:4t-(m^e lOH)^ 6.85;t -(^ 

4.25 (d, IH) , 3^5-3.7 (m/ 2H)'y 2.5-2^9 5 (i^^ (m^ 
2H), 1:4 (s, 9H), 1.1 (m; IHH 0i2-0v6 (m/>^H)^ 
10 -533.4 tM+H] + . ' ..^7JO:. /vA -i^-od-. 0/; * 

Example 6^, r ^-x::^ 

Preparation of f2R>4S.S5;.l^<;W5-r MRnprnpylt-binI Vray^^hnylA- 
15 aminQ-4-hvdrQyv-2-phftnvlTnftthvl-6«>phftntrl-W> n ftnpT-npyl ^1 > ^ 
imida2ol-2-vnTnf>thvl^hf>y»naTn-trt#> 

a) 5- ( (isopropylthiol) carBbnyl) 2uainb^4-^t-^ 

butyldimetliylsilbxy) -2-^lienylfietfiyl-6^ •-isbpropyl- 
20 1 (1- (isoipropylthiol) carb6nyl-ikida2ol-2y^ ^- 
- hexahamide' ■ '-'^^. '^-"^ t) . ' 

To a solution of (2R,4S^5Srl*S)--^5-aminb^4-t- 
butyldimetliylsiloxy-2-phenylmetliyl-6-phenyl-N- [1 »-isopropyl- 
l'-imidazol-2-yl]irietbyl-hexMamide -U81 mg,^^ and DMAP 

25 (37 mg, 303 mmol) in dichloromethane (8 /^mL> , -^^^ Ih >:s: 
isopropylthiolchlorofonnate (42 mg/( ;303 mmol)^ in - c> 
di ch loromethane (l.mL) was added. The solution was stirred 
for 20 h and an additiohatl equixralentlof' the rchlb 
and DMAP were added. The reaction mixture was stirred for an 
30 additional 20 diluted with dichloromethane ^v- arid washed 
with saturated sodium bicarbonate.- Tlie organic extract ras 
dried over magnesixim sulfate, '^filtered and evapdrateci to an 
oil. The oil was dissolved Jii' chlbrpf 6rm and purif iW by 
flash chromatography (silica/ '1% methanol/chlorofdrm) to give 
35 the title compound as an oil (79.5 mg)^v^ ■ . 'HS: 
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;b) .? {2R, 4S, 5S, 1 rs) -5- ( (isppropylthipl) carbonyl) ainino-4- 

hydroxy-2-phenylinethyl-6-phenyl-N- ti-isopropyl-l •-linidazol-2- 
yljmethyl-hexcmainide . 

- . a solution of 63(a) (79 mg, 

105,.imnpl) in.inetJianol ,(8^^^^^^^ 10%. hydroch^l^^ (3 nL) 

was added. ;,The,,reacti^^^^ stirred overnight at 

.:r; 25?C/,;^The methMpl was evaporated; 1^^ vacuo, and the residue 
i r was diluted with. water. , . The solutipn was neutralized with 5% 
13 f r I aqueouS; sodium j carbonate , and . a solid precipitated . The 
v:; io , ..solid vwas; filtered, ^washed with water, and triturated with 

) ether.: : The/ solid- was dried at high vacuum to. yield the title 
compound (27 mg, 48%) . NMR(CDCl3, 250 MHz) 5 6.9-7.3 (m, 
lOH), 6.85 (s, 2H), 6.20 (d, IH) , 4.42 (d, IH) , 4.22 (m, IH) , 
£4.0 »(m, IH), 13. -55.- (m,.3H), 2.5-3.0 (m, ..6H), 1.6S ,(t, 2H) , 
^1.27l (m, :i7H),,;i.71e'(d ofcd,: 6H) ; MS(PAB)„m/e 537= [M+H]+; TLC 
Rf 0.30 (silica, .^4% :metdianol/chloroform) 



Exairipl*^ fid 



<-.i. 



25 



20 , ..prpnnrnHnn nf f2R.4s.ss.i 'ft^ 'i^t^^>, vtir■r>^^^■>>y^^ .. 

• a ) 1- ( t-butyldimethysiloxy) methyl-rcyclopentanol. 

r:5.lTo,.a, solution of l-hydrpxymethyl-l-cyclopentanol. (4.07 
;g,. 0;.035;mole) in dlchloromethane (30 mL) -t-butyldimethyl- 
silyl chloride (5.28 g, 0.035 mol) inrdichloromethane (30 mL) 
was added. Triethylamine (5.37 mL, 0.0385 mol) and DMAP 

(0 .171;:g, , 0.0014 mol). .were added and the ; solution was stirred 
30: -joverriight at :,2S«*C. The' solution was dilutedywith 

dlchloromethane (30 jinL)jj,and washed with water.vand : saturated 
ea r . (anmonium chloride ^solution... The*^ organic solution was dried 
03 .. . oyer., sodium ^sul^^ filtered and the solvent removed at 
reduced pressure. a-.- The, product was purified by . flash 
chromatography f.(5ilica,j, 19:1, hexanerethyl , acetate), to yield 
the title compound, as a colorl ss oil (6.95 g, 86%).. 
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b) 1- (t:-butyldlWtJiylsiloxy)iiethyli-cyclt>p^^ 



•10 



15 i 



20 



25 



A solution Of the con5>OTmd 'of ' 64 (ay-^^^^^^ 
DMftP (0.611 g/ 5 -Wl) =W bi8^^{4-i^^^^^ carbonate (1.52 

g/ 5 mmol) in dichlotometihahe ViSfinLf 44^ VtTrW overnight 
at 25°C. !rhe reaction 'miktufe-' was" dil^^^^ 
dichloromethane aid washecl with . 5% sodium -^ailrboriate. The 
solvent was removed at reduced pressure aha- the -residual oil 
was triturated with hexane relJiyl /acetate (3 :270f^^^^^^^ 
The product was purified by -flash chr6riitb9i:aphy-i( silica, 
19:1 hexane .-ethyl acetate) itb give: a i: colorless oilHO.599 g, 

c) (2R, 4S, 5S, 1 • 5) ^5- [1- (t-btityldimethylsiloxy) inethyl- 
cyclopentyloxycarbonyl] amihoi4-t-butyldimethylslloxy-N- [1 • - 
isopropyl-l (t-butyldimethyi^Biloxy)nigt^^ i>t . Q yi • 
cydopentyloxy) imida2ol-2-yl] -6-phenyl-2-phenylmethyl- 
hexanamide " b '-il; ^f-'"- ■ •• ^-'^ 

A solution of the coii5)ound of Example 13(a) (173 mg, 
0.316 mmol), DMAP (81 ii^;^0i^63fimnoiy^ 

Example 64(b) .(262 mg/-0. 663^ 'i^^^ ^, 
■^wis-^ stirred -fti>ir • 48 •h:^at^■2S•c:^!^^aiig^.:ii^^^^^g<^^ ^3 
diluted with dichloromethane, washed with 5% sodium carbonate 
solution and t^e solvent removed at- reducted pressure . The 
product was purified ^ by f list chromatography:^ Wsilica, 
4:lhexane;ethyl acetate) to yield the title ^compound as an 
oil' (200- mg, 60%) .' • r- • . ..i ..j, -^j -,;vf>;n7'U. ■ 



30 



35 



d) (2R, 4S,5S, I'S) 5- (l-tiydroxymethyl-cyclopenty'ldxy- 
carbonyl) amino-4-hydroxy-W- (1 • -isopfopyl-i • ^imidazol-2-: 
yl) n>ethyl-6-phenyl-2-phiBnylmethyl-hexamide i ^o s oi. : 

A solution. of the siiated /deriT^tive? -(200 rmg,=i/ 0.188 
mmbl) in^methanbl (7 mL) and 3n hc1.^(2..55 -mL)^' Was stir 
overnight at 25»C. The" methknol'^ was-^ removed "at-feduced 
pressure and the ^solution 'Was diliit^ ^th^ Watet " (iS mL) and 
extracted with ether (25 inL) The aqueous solution was 
neutralized with 5% sodium carbonate solution to pH 7-7 S and 
the product precipitated as a solid. The solid was filtered. 
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washed with , wat r , and. dried in vacuo . l:o yield the. title 
compoun?!,. (Si jing^^ 400. MHz) .5 7.0-7.3 (m, 

r : ; ilOH) ,:. 6.87 Cs, .2H)> .4.62 . (d, IH) , 3 ,70 ,-(m, 3H) , . 3 . 55 (d, IH) , 

.;. ;> 2 . 5-2 . 9 (m, 5H) , 2 . OS Cm, IH) > • 1 . 5-2 .0 (br, lOH) ; 0.88 (d, 
; 5 ) 3Hy,:; 0.70: (d, 3H) TLC;Rf , 0.50 (silica, 8% ; 
methanol/chlorofoxm) . 

-vyo-; . .^r .-Example, ■ 

(10 ,- Preparation of f2R. AS. 5S. 1 «s> -s- r:^- tus - n H-<n.H H»^.r^•^-'>-y^ \ -g- 
X V. ■rhvdrftxv-4-iiiAhhYlpi>n<'y1amtrfr.1-4-hyrii-f>vY- K-Vl snpronvT-l '- 
<I - - iinidazQl-2-v1 ) methvl-frrphenvl -g-phf»nvlniP.i-h vl -h*>vartaTm- rif» ^nri 
4S . ss. 1 ' s\ -s- ra- tss - n w-^^.^ria^r^^-?-Y•■ ^ -^->>Y rtfovY-4- 
. methylpftntyl aTnldol-4-hvdroxv-w.- n ftopr-opyi-i Ha^r>i -9- 

15: : Vl)mftthv1-f)-T>heTlvl-2-Phenvlinftt:hv1-hf>vanam<rif» 

j:) a)i Ir (l-ben2yloxymetJiylimida2olr2-yl)-2^methyl-l-propM 
:ro:t :/ o : 1-benzyloxymethyllmldazole prepared according to the 
v^^^i^ procedure :ofi.Ngochindo; R,^ JVjChem* Jles* (SVV 58 ,(1990)) 
i:20^ - (3.76 gV^ 20 iinmol), and THF (40 mL) at- --4 0*C, was. treated 
, ( dropwise with nrBuLi (8.4 mL/. 21 nmol. The 
q^: hresultijcig. s^^ for 15 min, and i- 

oc:> ;butyraldehyder:,(2^ 22 .mmol) -was. added .dropwise . The 

e , a ; reaction :wa;s fstirredCat -40^0 for 1.5 h, O'C , fori 1 h, wanned 
v25 ;1:o v23**Cr , ppured.:intp B2O, and extracted .with EtCAc. The , 
, r . { CombinedjeiaiM were .washed with brine, : dried (Na2S04) and 
r ?: i; concentrated sin ^vacuo.^ Trituration of the residue with 
v . : solid which r was dried in vacuo 

overnight to afford of the title compound (3. 57 g, 69%) • 
30 NMR(CDCl3, 400 MHz) 6 7.28 (in, 5H) , 6.97 (s, IH) , 6.92 (s, 
Ja;; IH) ,^ 5.23 :L(d,-lH,,..J^^ 5.42 ;(d, ,:lH, J^12 Hz) , 4.48 (s, 

2H), 4.44 (dV IH, J=ft Hz) 2.21m. (m,: IH) , 1.02 (d, 3H, J»7 
i-y.-^ Hz)/ f 0.83: (dr?3H> J»7 Hz) .t ^ r-v^ , , i v 

( 35 V, b): 1- (ben2yloxymethyliniLidazol-2-yl) -2-methyl-propan-l-one 
VP. -V The coztqpound of Exaxnple '65 (a) (1.0 g/ 3.88 mmol) , Mn02r 
; ; (1. 69^ g,h 19:.4immol) , ^and CH2CI2 (75 inL) were combined and 
^, ) stirred for, 1 d. Additional Mn02 (1-69 g, 19.4 mmol) was 
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add^d and stirring was continued for'; aixNaa^ d. 
^ Filtration tirrough Ceiite®/ concentration ■ aiid^'fi^^^ 

chromatography (silica./ 0-1% CH30H/CH2Ci2)^a'f forded title 
compound (0.773 g, 77%) ^H NMR(CDC1^>^ 400) MHz)";7v28 (m, 

5 6H)r 7.18 (S,-1H), 5.85 (S, 2H)V''4\ 52 (sf^^ 2S)>^ 3.94^ IH) , 
1.21 Id, 2H, J^SHz). . U:ro^-:u:4ld:^Vioa^i/r 

c) t-butyl 3-(l-faen2yl6xymethylimidaiol-2-yl>-3-hydrb 

methyl-pentanoate 
10 Diisopfopylamine (83 [^f^ tflSSX^^ 

were cooled to^ -4 0**C :and n^3uLi^::(188A^L^0:i^47>/romoir/^2.5M in 

v-^' h€tx2uie) was added; - - T^ 

and stirred for -iS m;- rec6oiiBd^tt>;-7b^ 
. (53 \iL, 0.47 xmnol) was added. X^iThelreactiohrwasystirr for 5 
15 m, and HMPA:':(2S4 :^L, Ji;41 fmnol) v:was^ a 

stirred at -70**C for 5 m and 1- (ben2yi6»^ethyliiftida2oi-2- 
yl)-2Hmethyl-propan-l-^one?U00vmg 'THF (l-.S mL) 

was added dropwise/ The: mixture ^was#sti^ for 30 

0 m, -40**C for 30 -10®C for 30^m/^riwa2aaedetox23®C^^ poured 
20 : into 10% ; aqueous . K2CO3 and extracted iwith ; EtOAc . : The combined 

^ orgeuiic extracts were washed .with brine;' dried ^(KiCOa) , 
• :ii concentrated and flash chromatographed (^^^^ 

gradient / 0-20% EtOAc/hexaiies) to £f f ord- 1^e>"t'itife^' co 
(131:mg, 90%) : litMRiCDCl^, MOO icimzV^^ 6.96 

25- (s; iny; 6;9i-'(sV iHjy (d^'t^^'U^^ in;. 

- j^o Hz) / 4.53 (dr 'ih; jc=ir h2)v 4'^4B^-(^i;%H/^^^ 3.23 

- (d; IH; J^6 Hz); 2;.57 (dr in; Ji^6 Hz);^^^^^^ 

9H) ; 0197 (d/ 3H, J^7' Hz) / 0^75 (d/ SKT^^^T^'ExYr^ m/e 
. ' 375 '[M+H]+. ^.:.r.. . :/ . ^^ • ^li^iiyJi^yr,^^ ^■ 

d) 3- (l-ben2yloxymethylind.da2bl-2-yl) -3-hyd^ 

pentcmoic acid trif lourbacetate^^- v . ; H r , - vj- u , |> (V; \ \ 

The compound of Example*:65 (c)- (93 mg/ 0 J24' mmbl) was 

« 

dissolved in TFA (1 roL) and stirred for 20 m. The TFA was 
35 removed in vacuo to give, the titietcbn5>6Uri^^ 

NMR(CDCl3, 400 MHz) 7.30 -(m, 7H) ; 6.06 -(d/Lil; H, J=9 Hz) , 

5.74 (d> IH, J=l Hz); 4.'67':(dV 1H,^-J=9 Hz)>J 4•.^6i^^ 
Hz)> 3.62 (d, IH, J=12 Hz)/ 2.93''(d'; 1H/ J=12 HzivH 04 (m/ 
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j^o t. uolB), 0.92 (d,v3H,:;j=12 Hz) ^ 0.88 (d, 3H, J^12 Hz) ; MS(ES) m/e 

u /;:;ol-l- . 319 ^[M+H]+vbv : ^ . • , - 

; h.-.e) (2R,,4S,SS,l'S)-5-[3-(RS)-(l-benzyloxyraethylim^ 

j * /> 5 3-hydro3cy- 4-methylpent anoyl ] ainino-4-t-butyldimethyls ilyloxy- 

j N- (1 • -isopropyl-1:' -JLiaidazol-2-yl) methyl- 6-pheny 1-2- 

J " 11^ - phenylmethyl^hexanamide ^ " 

'iv v :^:^ v. ;. /;:A^i^^ eq) 
j ( 2R, 4S , 5S, 1/ S) -;5-raminc>-4-hydroxy-N- ( 1 • -isopropyl-1 • -imidazol- 

1 :i^^,oio - 2-yl) methyl- 6-phenyl-2-phenylmethyl-hexaneuiiide (1 ;i eq) , BOP 

I , ( !: - reagent (1.1. eq) ,i} and triethylamine (4 eq) were reacted 

\ (H; . 0 according;; to : the procedure of Example 1(c) . The product was 

. IS . ) purified b3r, flash^ chro to afford the title compound' 

j (57%) (silica, step gradient , P-4% :CH30H/CH2Cl2) . > 

j 15 ro®(Ca)^ 7.36-6,76 (m, 19H) , 5.65 (m, 2H) 4.66 

i 0 4.30 (m, 1/2H), 4.02 

] (m, y2fl)>i 3.68r (m^ IH), 3.28 (m/a^ 2.90-2.35 (m, 6H) , 

j ^ 2.i3C(m, IH) , i:76 (m; 1/2H), 1;68 (m, 1/2H), 1^40 (m, 1/2H) , 

j ,{?:y^ ^ 1.00-0. 70 (m, : 21H) / 0.10-0.00 (m, 6H) ; MS(ES) m/e 849 [M+H]+. 

; ( vT£i ;i f ) (2R, 4S, SS, 1 'S) -5- [3- (RS) - (l-benzyloxymethylimidazol-2-yl) - 
I 3-hydroxy-4-methylpentanoyl]amino-4-hydroxy-N-(ir-isopropyl- 

1 •-imidazol-2-yl) methyl-6-phenyl-2-phenylmethyl-hexanamide 
compound iof Example 65(e) (100 mg, 0.12 mmol) was 
25 desilylated by the procedure of 47(c) to cleanly afford the 
-:J:a:/io.. title: ^H NMR(CDCl3, 400 MHz) S 7.40- 

rfc/^r6.80X(m,;Tl9fl)7^^5.75 (m, 2H) , : 4. 97 1 (m, l/2H)r, 4 .78 :i(m, 1/2H) , 
4.51 (m, 2H) 3.94 (m/. l/2H)v.x 3.85 :(m,^^l^^ IH) , 

\ 3.21 (m, IH), 2.97-2.43 (m, 6H);2.00 (ro, IH) , 1.60 (m, IH) , 

\ V 30- ::1. 43 (m, :lH) v; 0.97-0 1 49 (m, .12H) ; MS(ES) m/e 735 tM+H]"*^; 

-X\d7j^;^\-g)^^ (2R,4S/5S>l'S)^-:[3(R)r(imidazol-2-yl)-3-hydroxy-4- 

methylpentanoyi] amino-4 -hydroxy-N- ( 1 • -isopropyl-1 » -imidazol- 
::>a.; ; u/ . 2-yl) methyl- 6-pheny 1-2 -phenylmethyl-hexanamide ; and 
t 35 • I ;(2R, 4S; 5S, 1 • S) -5^ [3- (S) - (imidazol-2-yl)r3-hydroxy-4- 
" r methylpentanoyl] amino-4-hydroxy-N- ( 1 • -isopropyl-1 • -imidazol- 
3/Li , ( 2-yl)methyl-6-phenyl-2-phenylmethyl-hexanamide 
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Using the procedure of Example 47 (d).,' the compound of 
Example 65(f) (72 mg, 0.98 mmol) was hydrogehated to afford a 
• diastereomeric mixture of the title compounds . The mixture 
was purified by flash chromatography; (siiica,*>s^ 
5 0-8% CH3OH/CH2CI2) to afford tail t^ractiohsfconLtaining the 
pure diastereomers (35 mg totaly- 5ff%) ^ -i^^^^ ^ ' X5 
Isomer 1, last eluting, {2R/4S>5S>l'S)-5-[3-^^ 
Imida20l-2-yl) -3-hydroxy^4-methylpentylamido] -4-hydroxy-N- 

(1 i-isopropyl-1 '-imidaz61-2-yl)infethyl--^Hph€^ ' 
10 phenylmethyl-hexanamide. NMR{CDCl3,^ 4001 MHz) 5 7.35-6.82 

(m, lOH), 6.93 (s, IH) , 6.84 (s/ IH) >- 4 .'42 >(d/-lH/ J=9 
3.77 (m, IH), 3.40 (m, 1H)V 3.00-2.40^(mr 5H)V 2.14 (m, IH) / 
■A. 1.99 (m, IH) , 1.56 (m, IH) /: 1.47 Mm^-^IH) ,10.93-0- 641 (m, 12H) ; 

MS(ES) m/e 615 CM+H]+^ ■ * - ^-r:X.h > ■ r ^ 

15 Isomer 2, first eluting, (2R,4S;5sVl•S)-5-[3(S)-(iH- 

Imidazol-2-yl) -3-hydroxy-4^ethylpentylajaido] — 4-hydroxy-N- 
( 1 • -isopropyl-1 • -imidazol-2-yl) methyl-6-phenyl^2- . 
phenylmethyl-hexanamide. ^^H NMR(CDCl3, 400 MHz): 5. 7.35-6.81 

(m, lOH), 6.83 (s, IH) ,i>6.81 (s, IH) ^ :4.46 r(d,. i H, J^9 Hz) , 
20 3.93 (m, IH) , 3.40 (m, IH) r 3.00-2.40 (m, 5H) / 2 . 13 (m,^ nIH) 
1.91 (m, lH), 1.41 (m, IH) / a.lO (m;alH) :0:93-0. 64; (m^ 12H) ; 
MS(ES) m/e 615^ tM4^]+. 'V:-'lo : V vv^^3^^V7^^iH^^ ^ 

: . ' ■'■ ' K -.0; Ivt' ' C'C;r:-erf,if^J; 'I ■ 

P-rf^payation of f ^T^. 45?. 5fi. 1 -^S- T TA'^mef-^^^^ 

aTnlno-4-byrfT-nyvN- fl '-isopyopvl-^l '--^m-i dazQl-2-v3 Vmethvl-C- 
phf>nyl-?-ph^nylmf>thyl"heyaTiamide M: S jIh: Tf 

30 a) (2R^ 4S/ 5Sr 1 'S) -5- [ (4-metho3lOTl^®^c>3^) carbonyl] amin6-4-t- 
butyldimethylsiloxy-N- [1 '-isopropyl-l (N'^ ' ; r 

methoxycarbonyl) imidazol-2-yI ] methyl-6-phenyl-2-iphehylmethy 1- 
: hexanamide v ■■ . ^■' w/;,- 7^-;. ^.;n;^i^>v^ -j^-j 

Following the procedure of Exait^le>13 {b) V;r except using 
35 p-methoxyphenyl chlorof ormate and (2R, 4S> 5S/1 • S) -5-amino-4-t- 
butyldimethylsiloxy-N- ( 1' -isopropyl-li* -imidazol-2-yr) methyl- 
6-phenyl-2-phenylmethyl-hexanamide/ (114 'mgV: 0V21 mmdl) , the 
title con^jound was prepared (63%). IJMR(CDC13)^ 5 7.44-6.76 
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r • i :f: (m, ,20H), ^5.66u(^^^ IH' ) 4 .40 (m, IH) , 3.83 

(s, 3H) ,1 3 .760 (m,. -IH) , ! 3 . 73 (s, :3H) , 2 . 96-2 . 50 (m, 5H) , 2 . 05 
(m, 5H), 1.60 (m, IH) , 0.94 (s, 9H) , 0.79 (d, 3 H, J=7 Hz), 

- 0.74. (s,p3H)y 0.12 (s; -SH)^, 0.11. :(s, 3H)v 

■5 1. ■i.-n f\. •e.i: .■:.t b:ui 0; '-i-^-' ■ ■■ 

V. i-b) (2R, 4S;5S,l'S)-^5-(methoxycarbonyl)aInino-4-hyciroxy-N-(l•- 
) isopropyl^l'.-imidazol-2-yl)nietliyl-6-phenyl-2^phenylmethyl- 

h '.hexanand.de'. -'v'- •:> h--- ■• . -■■-.•■.w 

; Fpllowing .the procedure Of Example 13 (c) , except using 
10 V' the compound .of Example 66 (a) , "the ;.title -compound was r 

:Preparedd(32%). .Nm(^ 5 7.36-6.84 (m/ 16H) , 4.49 

. (d, -lH, J=9 H2)V 3.79 (s, 3H) , 3.37 (m, IH) / 2 .92-2. 60 (m, 
^^>'r2.a0^1.^q 4(m, 3H),. 0.78 J(d, 3H, Jt.7 Hz), 0.671 (d, 3H, 
(i .;J-,7 Hz); MS(ES) m/e 585 tM+H] + .' ! ! , 

V- 15 ..b .ri: .i' 0 , .. •;; . . /• . 

PrftPflrntlon of f?R.4f;.5.«?.i 's>-s-/i-WY^'""-»"of^«^>^»"^-»^«"^-"» 

a) (2R,4S,5S,l*S)S-(t-butylainin6carbbnyl)'amino-4--(t- 
>'>^« ^butyidlmethylsiloxy)-N-(l»-i8oprppyl-l«-imidazbl-2-yl)methyl- 

^6-phenyllnethyl-hexamide•• Lv/^;^":--: Oi'..L. 

; 2S The cbnrpound of'Sxample 13(a)? (0.13 g; 0;24 mmol) was 

B c» , 'dissolved ••in 'dichioromethane ~ <3 ' inL) • and'^ t-butyl" isocyemate 

:! > (0.028 'g, ,0.29rmmol)iwas added. : After stirring at 30*C for 
M^w -: 18. ^h, 'the -.solvent '-was removed .> under reduced pressure and the 
Dc! . •; residue was chromatographed (silica, 2:3 ethylacetaterhexane) 
V 30 sito give the titl6 "coinpound as a white solid (0.12 -g; 77%) . 
:'^NMR(CDCl3),,( 57:35-7.05. (12H, -m), 6.85 (2H, s)V 4.69 (IH, d, 
J=9 Hz), 4.60 (IH, t, J»8 Hz), 4.38 (IH, br), 4124 (IH, q, 
J=8 Hz), 3.66 (IH, dd, J=4 Hz, 10 Hz), 2.95 (IH, dd, J=9Hz, 
13Hz), 2.73(2H, m)'; 2^.54 (IH, .dd, J=5 Hz, 13 Hz), 2.42 (IH, 
35 m), 1.82 (IH, m) , 1.67 (IH, m) , 1.22 (9H, s) , 0.93 (9H, s) , 
ai- 0.84^:(3H, d, .J=7 Hz),^^^^0^^^ Hz); 0.08 {3H, s)., 

0.07:..(3H, .^rs) ;' MS (ES) : m/^ 648.4 tM+H] + . ' .. . .: « .i ; 
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r Z , b) . (2R/ 4S/ 5S, 1 • S ) -5- (t-butylaminocarbdnyl) azhino-4-liydroxy-N- 

■■ (IZ-isbpropyl-l '-iTnlda20l-2-yl) methyl- 6-plienylmet:hyl" 
!) \ ihexanamlde,-. , .r^f) Od,X .(P:^! ,fvo 

The compound) of Exait5)le 67 (a>;l {0.033£g,^^0.05 mmol) was 
5 stJLrred in dry THF (0.25 mL) and tetrabutylammonium f louride 
(0.25 mL/ 0^25 mmol) in vTHF was added: ,r After :18 h.lat 50*C 
■jiy- the reaction was cdoled/ diluted :^with J ethyl \acetat el (25 mL) ^ 
washed with water (5 mL) ^ and dried (MgS04)>:k, The -combined 
organic extracts were filtered andiConcentrateTd In vacuo. 
10 Chromatography i (silica^ ;1:1 ethyls: acetatei:hexahe)vi gave o the 
title congpound as a! white soIi.d^^^0.018;:g;^)66%)^;^l^ 226^*0 
(dec); NMR(CD30D):;5 /7. 37-6.90/ (10H> m):>o 6v9p:^^C2H/^^^ 

. : (IH, d, J^9 Hz) , ;3.71 ;(1H, t^, Hz) 3 .»52)i(lH,, d,a J^9 Hz) / 
2.75 (4H, m), 2.53 (lfi>: dd/ 0^41 Hzy^l2:rHz)^ 2^03 \(1H, m), 
15 1.76 (IH, m), 1.66 (IH, m) , 1.22 {9h/s) , 0.79 (3H,. d, .^J^7 
Hz), 0.67 (3H, dr^J«7 Hz);: MS(ES) m/e 5347 (M+H] + - 




phftnylTnethyl-hexanamide ■ . ^z^,^- . -ael mi^h (i - 

I Following the procedure; of - Examples- 67:(a)j^^^ except 

siibstituting methyl isocyanate, for^^t-butylisocysmate, the 
25 ; title compoxind. was prepared .(0.075 mg/>.51%) .^ijflfl? 253**C c(dec) ; 
; - .NMR(DMSOdS) 57.78 ^ (IH, d^ , J^^^Hz),,.; r7i. 80-6;^96:^^^^ , 6.88 

(2H, s) , 5.78 (IHr idr J^5 Hz) , 5i72 AiRy:.de'':J^9i^Exj 
, (IH/ d, J^4 Hz), 4.65- (lH,.m), 3i68:;(lH/cqr J^7 ,Hz)> 3-44 

(IH/ br), 2.74 (3H, m) , 2l58 (IH/i ddr 2.50 
3D- (3H, s), 2.41 (IH, d, J^8 Hz) 1^92 e(lH,v m)vr 1.46 (2Hr m), 
. 0.72 {3H, d,7J^7 Hz)/ 6.63::(3H, d; 0^^ 

.;[M+H]+. ^ ^-^^^ ,?::U:>-^^ 

. -.^ ■ ^ c^. C . ' . V-b All) ^iKl :vi H--r. 

. ■ ' , . , \ ^ .J' V , J . iv.: I. : 

PrftT^aT-atTon of f 2R. 45. 5S, 1 ' -'^^ rphf*nvlaminoffar-h>nnY 
hvdroyy-N- f 1 '-isopropvl^l '-Imj riaTOl-2-yll methyl ^fi- . 0 
phenyl met-hyl-hexamidf^ . 
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, Following, the procedure of Exaniples 67 (a) -67(b), except 
substituting phenyl isocyanate for trbutylisocyonate, the 
title compound was prepared (87 mg, 79%) . Mp 273'*C (dec) ; 
NMR(DMSO-d6), 8.50 (IH/s), 7.81 (IH, d, J-9 Hz) , 7.34-6.83 
5 (18H, m), 6.07 (IH, d, J-9 Hz), 4.99 (IH, d, J=4H2),.4.65 
a.;r.(lH, ,t,: :0:=8-Hz), .3^^^ m) , 3.52 (IH, br) , 2.77:;(3H, m) , 

. .2 . 66 (lH,a.m):, 2:..42r (IH,. d, J-7 Hz) , 1 . 89 : (IH, m) , -1 . 50 (2H, 
m), 0.68 (3H, d, J-7 Hz), 0. 61 J3H, . d, ':_J-7 Hz); MS .(DCI/NH3) 
.V.;, •i;;in/e,.Si54.3{f[M+H]+.. i • ,., - 

(r f2Rr4S. f>S. 1 ■S>-'>-N- fproT>vl«ln^noo«,^V,onv^ 1 «n,<r , r>-4-hvrt-rr.vY-M- 

•c fl'-isnT>rnnv1-1 *-1in1ria^n1-.9-v1\ino»hYl-g..ph ^nvln.oi->,Yl, 

IS ■ hf>yam-fdi>- r - , . , ,^ 

: :< U . v , Following the; procedure Of Examples 67(a) , except 
Kb substituting .n-propyl isocyanate i for. t-butylisocyanate, the 
title con5>ound was prepared (0. 048 g, s54%). Wj> )247-9*C 
(dec); NMR(DMSO-d6) 67.75 (IH, d, J=8 Hz), 7.23-6.94 (IIH, 
20 m), 6.85 (2H, s) , ; S.ST-jdH, t, J-5 Hz), 5.65 (IH, d, J-9 Hz), 
4.82 (IH, d, J-4 Hz), 4.64 (IH, t, J-8 Hz), 3.66 (IH, m) , 
: :3.38i (lH,:sbr) , v2.87 (2H, -q, J-6 Hz) , 2.7.4 (3H, m) , 2 .56 (IH, 
dd,, J=7:iH2, 13 .Hz) , 2.39 :(1H, d,- j-T Hz), 1.91 (IH, m) , 1.43 
(2H, m), 1.28 (2H, q, J-7 Hz) , 0:77 . (3H,r t, J=7 Hz) , 0.71 
..> 25r -:.(3H, rd^v J=^^ J-7 Hz) ; MS(Cl) m/e 520.2 

'^Ot; .IM+H] + .. ; , n". ..: . i^./: 

.h:vr4 I je .-••:*£. ;_:o:?. EyatnplA 71 . 3 _^ „.;-,.... 

J/, A.ii.'iii 0.iji'5W jC- Q.t . t'v.il5 . '■. .'. : ■■ ' ■■■ - ■' 

hvdroxv-W-n ' i fioni-onvl -1 '-4Tn4rta^r.1 -?-v1\tn»fhYl-ff - . 
-.. Phenyl tnpf h v1 -h Avain< rto 

: -^ b) :v c 'Following the.tmethod ,of Example 67 (a).^67 (b) , except 
, { b , >i lis ihg. h-propyl thioisocyanate ; the title ccmpouftd was 
'-3.5 , (Prepared (0.012 g, r 21,%)..;. Mp, 195-7'»C (dec) ; NMR (CD3OD) 5 
! •; , i .■7.32-6.86 :{12H, -:m) 4.59 (IH, m) , 3.64 (IH,. br) , 3.34 (2H, 

(br), 2.79 (5H, m),.2.03 (IH, m) , 1.73 . (IH,) m) , 1.58 (3H, m) , 
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0.92 {3H, J«7H2)/ 0.83 (3H, J=7H2) /:;^ J=7 
Hz); MS (CI) m/e 536.2 [M+H]+.^ \ ^^^1 rim-u^j 

Pr^parat:ion of r2R. 4S. 5S. 1 f 1 sopropvlaTninocarbonv 

Following the method of Exaii5>le- ^67 fa) -67'{b) Y except 
10 siibstituting isopropyl isocyanate for t-butyl isocyana£e, the 
title coinpotind was prepared (0.034g, 46%) . NMR(DMSO-d6) S 

7.78 (IH, d, J=8 Hz), 7.24-6.97 (IIH, m), 6.85 (2H, - s)> 5.74 
- (IH, d, Ji»8 H2)V 5.57 (1H; a/-^J^9"H2)^>^U^v^^^ Hz), 
4^66 (IH, d, J^7 H2)> 3.62 (2H> m)^^M43^(lH^^ (3H, 
15 m), 2.57 (IH, dd, J^7 Hz, 13.5 Hz), 2.41 (IHj^fedV j^7 Hi)v 
: 1.91 (IH, m), 1.45 (2H, m) , 0 w95 H3H/ d;^xO«6S;5 Hz) , 0.93 (3H, 
d, J«6:.5 Hz), 0.72v(3H, d, J^6.5 .Hz) ,t-0. 63J (3H/:m,!^:;^ 
•V- MS '(CI) ia/e-520.2 [M+HI+. ^rr^ iq: h-r^^i.- 

20-^' , .-.^ - Exantplft 73.^-^. v^ia^ m - ( r o; 

: : PT-<:>paTrat-,iori of f^R, 4S, gg, 1 ' fi^ faminoeaVbonyl ^ amino->4- 

. hydrpxy-N-fl *"ifiOpropyl-l '-Imiflaznl-j^-yDinftthyl-fi" oft 
^ phftnylTnethyl-hexaTnide . i o j^^ ) jvc ^i .bc;) 

25 The coinpound of Exairqole 67 (a) ^^^(0 /^^ iraabi)* was 

dissolved in triflouroacetic acid (2 xnL) and stirred at 50^C 
for 2 h. After cooling, the react ibn mixture was poured into 
saturated sodium bicarbonate solution (50 mL) axid was 
extracted into ethyl acetate (100 mL) . ' Th^ orgfiuiic soluti^ 

30 was washed with brljie, dried (MgS04') and. theUsolvent- remove 
under reduced pressiire. ChroxmtographyJ^^bf the 
(silica, 19:1 dichlorome thane :meti2tool)?lgkve the; title 
conpound as a white solid (0..036Hg/^/ 80%) >^ • 235**C (dec) ; 
NMR(DMSO) S 7.82 (IH, d) , 7 .30-6^901 (IIH, ;:m)> , 6.85 ,(2H, d) , 

35 5.88 (IH, m), 4.86"(1H, d), 4.67^^^1H, t) , ^ ^. 67 -(IH; m) , ^3.45 
(IH, m), 2.75 (3H, m) , 2.60^ (lH,:^m); 2.43i (1H; m)>r 1.94 (IH, 
m), 1, 49 {2H, m), 0.73 (3H, d) , - 0.62 (3H?) d) MS. (CI) m/e 
478 [M+H]+. 
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5 >• carhonvl ) aTiilno-4-hvdroyv-w- n «r^p,-^ p vT-^ «-^ln^ria■>■>^^-?- 

, Vl) inet.hvl-6-nhf>nv1 mf^j-hyl -^Ayanatn^ Ho . ; 

Using :^the\ procedure, of Example 34, except substituting 
JiC) (6-quinolinyliiiethyl)-:(4.-nitrophenyl) ncarbbnate for (4- 
ffiM \picolinyl)-(4-nitrophenyl);. carbonate, the title compound was 
10 prepared. . v ,r 

X. . Example 

■ - ^ a) . ' (2R, 4S', 5S, 1 IS) -S-benzoyl) aaiino-4-t?-^ ^ 

< butyldimethylsiloxy-N- <1 '-isopropyl-l •-ilnidazol-2-yl)methyl- 
^p••'-6•^fienylmetliyJ^hea^ i'W v ... ; 

or. ? , (I, -The con^joundi of I Exan3)le 13 (a)r (0.11 g,. 0.2 mmol) , 
.> v U benzoyl, chlpride UO; 025:! g,;^^ - 

. bdi.(isopropyl).ethylamine; (0.026 g, 0.2 mmol). were stirred 

together in dichloromethane (4 mL) at ambient teinperature for 
25 48hr. The solvent was removed under reduced pressure aiid the 
residue chromatographed ; (silica, 1:1 ethyl acetate ihexane) to 
yield the title . con^jound as a white solid (0.080 g, 61%). 
- :vx^NMR(CDCl3) 7 . 53 1 (2H; Id) , 7 . 40-7 . 04 (IIH, m) , 6 . 93 (2H, d) , 

6.69 .(2H,' s), i: 6.59: (lH,rd); 6.37 (lH,.;d)'/ 4.54 (2H, m) , 3.68 
30 (IH, t) > 2.78 (2H, m), 2 . 66 C2H; . m) V- 2.39 (IH, dd) , 2.13 (IH, 
2^ Jm), . 1. 622 (2H, ;t), -0:87 (9H, s), . 0.53 (3H, d), 0.48 (3H, d) , 
0.02 .(3H, s),. uO.OO (3H,. s) . : J- ; 

) ' b) ^ (2RV 4S;5S, l 'S) -5r- (benzoyl) amino-4-hydroxy-N- (1 
35. :isopropyl-ll-imida2ol-2-yi) methyl-6-phenylmethyl-hexanamide 
: The. compound Jof Exan5>le 75 fa) (0.080 g, 0.12 mmol) was 

; ■ dissolved in'.THF .d inL) ;and to this was added . tetrabutyl- 
ammomium fluoride, 0.16 mL, 0.16 mmol, IM solution in THF) . 



wo 53/02057 



PCrAJSM/06047 

- 118 - 



After stirring at 40**C for 24 hrr the solvent was removed 
under reduced pressure and the residue was chromatogxaphed 
(silica, step gradient, 1:1 ethyl acetate rhexane, 9:9:2 ethyl 
acetate rhexane: methanol) to give tie title c6^ as a 

. 5 I white solid (0,051 g, 79%) • : -^i253^^;%Ntm 5 7.99 

(IH, d), 7.91 {IH, d), 7.72^X2iHy a) ;^v50-7i:(i2^^^^ m) , 6.94 

(2H, s)r 4.83 (1H> br), 4.68 (IH^ d), 4^14 (IH^ m), 3.58 (IH, 
d), 2.82 (4H, m); 2;49 (IH/ m)/ lv92iV|lHi,vjm)^; J1.73M1H, t) r 
1.40 (IH, m), 0.73 (3H, d); 0.63o(3H/ d); I^^^^^ 539.2 

-10 [M+H] + . .[jtBiki-ri[ or ■■ 

: Bxamplft 76 

15 Tiyriroyy -K-fl «-i sopyopyl^l '-iTnidazol^2-vl> inethvl-6- > 
phf^nylTnethyl-hexanamide sySAi^ill -^^'^^^ 

Following the procedure of Example 75(a) , except using 
furoyl chloride in place of benzoyl^rbhloride,^^^ 
r compound was prepared as a ^ite ;Solijda(0i019?f 
20 212-3''C (dec); W!iRl(3)Cl3/CD^)y}S/^^^ 

;(12H^ m), 6.85 (2H, s) / 6.49. (lH/om)>y^4v48- (IHr d) / 4.20 (IH, 
m), 3.67 (IH, m), 2^96 (4H, m)vO 2177* (2H> m) ,X 2;58i^ (IH, d) , 
I 2.07 (lH,m), 1.71 (2H> m) / 0v74 ^^(3H^ 7d)^-r 0.65 u^^^ 

' ■: MS(ES) m/e 528.32 [M4^1+.:v^ %tisii:yhs^.y ] 

"25 ■ . ■ ,r :Ure-^rlo:: ;^-\^[ \^^-mi> cT. 

Pyp>parat--?rin r^R, 4S , 5 fi- 1 ' S> -S^ r4-methoxyben20vl VaininQ-4- 

^ >iyriTT>yy-N-n '-jsQpynpvl->l '^-iTtiidazQl-^^-vl) mettivI-6" : 
3o', phenylmetliyl -hftxahaniidft ;r^'\^^i^*' "^'^S'-^r ""f ?' of 

Following the procedure, of ^Exan5>le,75 (a) , except using 
4-methoxybenzoyl chloride in place e of -jbenzoy 1 Z ch lor ide , the 
title compound was prepared as a white solid (32%) . Mp 235- 
7*^0 (dec) ; NMR(CDCl3/CD30D) 8 7v64v;(2H^;d):, ^7 . 22-6*87 (14H, 

35 m), 6.80 (2H, m), 4.52 (IH, d) U i'16 1 (IH; m) , 3 .81 (3H, s) , 

3.62 (IH, d)> 2.92 (2H, d) > 2 ,72 (2H> : m) , 2 .53 (IH,- dd) ^ 1.98 
(IHr m) , 1.73 (IH, m) , 1.63 (1H> m) , /0;71J (3H^ d) ,:i0.62 (3H, 
d); MS(ES) m/e 569.4 [M+HI+. : - ^ a : : :;a 0f^; 
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.X^C^i^il- - ,.r./ v:^ ::j:ExaiTlplfi 7ff ^ J . . ■ i: , : 
Preparation of (?R,4<?..SS.1 «S\.>5-->>f^nt. vlnai^Hr>nyl^aTninr>-4- 

1 1/ a) (2R^ 4S^ 5S/:1 ' S) -S-benzylcarbonyl) amino-4-trbutylcliinethyl 

< siloxyrN- (1 !:-isopropyl-l '-Imidazol-a-yDmetlxyl-e-plienylinetliyl 
10 -hexanamide,:;!*::- -.-.(y-:. -.i ^ ^ 

(on :f -^;Tollpwijng^ of -Exanqole 75 (a) ^ except using 

( B phenylacetyl chloride v in place of , benzoyl chloride and 
= triethylamihe in place of di (isbpropyl)ethylamine/ the title 
. ^.o as ft .white solid ;(20%y . NMR(CDCl3) S 

IS.i: 7,,40-i5>i75 C(i9H,; m),^ 4.73 (IH, t) ^ 4.41 (IH, q) , 

f .ilZ3^^8 ,{lR, r^^^^^ 2.96 ((IH,. dd)>^ 2.69 (IH, m) , 2.49 

(4H, m), 1,61 (2H, m) , 0.92 (6H^ t) , 0.77 (9H, s)> .0.04 (3H, 
: s) , 0.00 (3H, s) . . 

- 20 X V b) (2R, 4S^ 5S^ 1 • S) -S-benzylcarbonyl) aiidJio-4-hydroxy^^ 

isopropyl-1 ' -imidazol-2-yl) inethylr6-phenylinethyl-hexanamide 
^ c £ . (The> product; of < Exaitqple :78 i:(a) (0. 018, g, 0.03 lamol) was 

^a: -^adissolved:in . methanol (5 xnL)^and 2N hydrochloric acid (0.027 

qsmL, -0.06 fxnmol) :.was added. After stirring at. ambient 
125 - temperature 7f or 18 h the solvent was removed under reduced 
pressure and-the residue was chromatographed (silica^ 
gradient , .:dichloromethane/methemol) to . yield:; the title 
i n , j;,compound .( 0.011 g/ 66%) . , Mp, 240-2**C; NMR(CaJCl3/^^ 5 

^!7.;38-7.06V:(l8^ 5), :^.72 (IH, d),l :4;i4 (IH, m), 

30 .<3.,67 (IH, m)^, i3, (54 ,C2H, s) / 2.99,(4H, m), 2;67 (IH^ m).^ 2.14 

-[<:}(lH,^m), 1.87 v(lH,.:m),, ■1.63 . {lH, mX^ {3H, d)^ 0.79 {3H, 

) ( d>7 MS (ES) ^/e 553.2: [M+H] + . r t r , H ^ ; 0 

Example 7Q 

ir M ^ PreParat, i on of (2R , 4S > 5S . T ' S> -S^ f 4^hydi^oyyHA n gnv1 \ nr>-/l- 

hvdroxv-N-n '-isooropvl-l '-iTnida7.nl-2-vl^mf> r,hv1-f;- 
;v ; ..Phenvlmffthvl -^hexanamid^ . ; 
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a) 4S, 5S, 1 • S) -5- (4-acetoxyphenyL) -4-t-butyl 

dimetliylsiloxy-N- { 1 • -isopropyl-1 ' -imidazoi-2-yl ) methyl- 6- 
■ pheny liaetAy l-hexa nam i de ^ • - c^: a . i^f^Q /.xSi 

5 The con5)ound of Exainple 13(a)- (6.11 g^^ 0i2^^inmol) was 

dissolved in dichloromethane (2^inL)> (0 .089 

g, 0.2 inmol) , triethylamine (0.028 mL^ 0.2 mmol) and 4- 
- ' acetoxybenzoic acid ^(0. 043 ^g/^^ 0.24 nimol)' wereyadded. After 
stirring at ambient tenqpersttiire overnight /the .solvent was 
10 removed tinder reduced pressure. T&e - residue >wsls^^^^^^^ i: 
- chromatographed (silica, 49:1 cdichlorometharie: methanol) to 
give the title coii5)ound as/ a , wliite. solid :,(0.ir\g,;i;78%) . 
NMR(CDCl3) 5 7.53 (2H, d) r 7.28-6. 97.. (13Hr0Tm) i. ; 6.83 (IH, d) , 

6.78 {2Kr s)r 6.44 (lH/ d) > 4^.54 (2HF m) / -^3^72 
15 = (4H, m)> 2.49 (IH^ dd) , 2.24 u(3H^ s) ;2V20 cflH^ (2H, 
m), 0.91 (9H, s)r 0.66 (3H>Hd)^7 0.S7 ;^(3H, :d)>.li0.07 (^^ s) , 
^0.02 (3H, s)'. -.C^ {-j. .^t:^ , V0-;'\ 

' ■ ' " ' "■ - t^i. C X}i¥:'Xi 4X^:'-- ■ 

b) (2R,4Sr5S,l*S)-5-(4-hydro3cybenzoyl)amino-4-t-butyl 
20> dimethylsiloxy-N-(l'-isopropyl-l»-^iiiddazdl--2-yi)m^ 
^ -^r. phenylmethyl-hexanamide-^^ U^i^Z-^Lo-^A^it^m^^ L-'j'^f^:^^^y^^ . ; 

The product from reaction ^79 (a) t (0v Hi g/^ O. 15 mmol) was 
■ dissolved in methanol (5 (xnL) . and "powdered 
: (0 . 12 g, 0 . 9 mmol) was :added^^rAfter t^tirringrO the visuspension 
25* vigorously f or 2^h, the mixture was if iltered "and ;the solvent 
removed from the 'filtrate iett^ reduced c^piSss 
Chromatography of ; the residues (silica/ ?19 : 19 : 2 ethyl 
iacetate:hexane:methahol) /gave ^tlie title vconpotind 'afs^a white 
solid (0.066; gr 66%) . ^ NMR(CDCl3) 5 J .35i:U2H,T:<a) V^a-?24-6. 9 

30- (12H, m); 6.67 (4H, m) , 6^32 . (IH^ d) ^ 63 (2H; ni)^ 3.76 (1H, 
^ dd)> 2.78^ (4H, m)/ 2.44)(1H, id) /2.12 V (ik, Jmy;^£l; 64 ) (2H, ^m^^ 
0.88 (9H, s), 0.44 (3H, d) 0;32 (3H, d)> d:05U3H/rs), 0.01 
(3H, s) . . 

35 c) (2R, 4S, SS, 1 'S) -5- (4-hydroxyben2oyl) amino-4-hydroxy-N- (1 
isopropyl-1 * -imida2ol-2-yl) methyl- 6-phenylmetHyl-hexanamid"e 
-Following the procedure of Exaiiple '75 (b) ;v except using 
the corc5>ound of Exaxtrple 79(b) . in place bt thie ^cbi^ound of 
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Exantple IS (a) / the title c npound was prepared as a white" 
solid (57%). W5P 267-r8**C (dec); NMR(CDCl3/CD30D) S 7.S7 (2H, 

'i;i^:<i)r 7 .33-6.75 (17H,.m) ,f 4 .14: (IH, . m) , 3.58 (IH, 

d) , ,2.90 , (2H, -m) , 2.82 (IH, m) , , 2.73 (IH, m) r 2.53 (IH, dd) , 
5 2.04 (IH, m), 1.65 (2H, m) , 0.73 ([3H, d) , 0.58 (3H, d) ; MS 
, ^(ES) .m/C; 555.2 ;[M+H] + .. 

10 Preparation of (2R. 4S. 5S. 1 « S> -S- (rA nnamnyl ^ a^T^^ nn-4-h ydroyy-N- 
(1 '-isop-ropvl-1 '-^tn^Ha9ir>^~g-v3 >n^ft1r^vl-fi■^hf>nv^m«»^^Y^- 
' :--n.vhexanamldft'. -^y;. •;v-;. Cv,....:- . .. ^ ./ ■.. 

^x r./ / .: ^Following the .procedure of Exan^le :75 (a) , except using 
cinnainoyr,'Chloride iniplace. of benzoyl chloride, . t the title 
15 compound was prepared as a white solid (25%). Mp 273**C; 

Nim(<a)Cl3/(3>3(5p), 5-.7.55-,6.91 (19H, m) 6-86, (2H,, s) , 6.53 (IH, 
d), 4.37 (lH,;;d), j4,.lS- (IH, dt),: 3.62f .( (2H, m) , 

{.!:,2.78j;(2H,,m),0:2.59/;(lH, dd), 2.04. (M^^^ (IH, m), 1.65 

(IH, m), 0.79v(3H,rd), 0.69 (3H, d) ; , MS ; (fiS) .m/e 565.2 

:- . i:,!„-... ■.■ ••). yd ■} iji-ii."; L>-'- ■ r.'O: Exatt^le fli . . . .V- 

:?/ . :;i^r- Cf'f; ■ ■.; -■;!■;• ■ , _ n ; . ..■ ■■■ • ;■ ■ ■. 

i ; ; > I. r^Preoaration of 4S . 5S . 1 » S> -S- rg-hyrii-nvyhftngioyl ^ am j no-4- 

' 25; - :hvdyftxv-W~f1 '-isnprmpYl-1 '-^nl^ rtay.rti -g-yl^ mftlrhyl ^fi- 
. » phenylmefehyl-hftxanamide < ; , j^, ■^,ts.,i ^^r ;:?o.i.iU>.'. 

Ill; /.5 ; Follbwirig the procedure Of Example ^79 (3)", except using 
■ >v r (2*-acetoxybenzoic>:acidiin place of 4r-acetoxybenzoiC: acid, the 

title, i compound was prepared (50%) . ... Mp_ 197^0;- NMR(CD30D) 5 
30 7.77 (IE, d), 7.42-6.78 (17H, m) , 4.62 (IH, d) , 4.32 (IH, 
ox£^idt) ,, r3 .71:,(lH,, m) , .2.94 (2H, m) , 2.78 (2H, m) 2,.57 (IH, m) , 

2.03 (IH, m), 1.84 (IH, m), 1.67 (IH, m) , 0 . 82 (3H, . d) , 0 . 68 

(3H,,.,d);, .MS (ES);;..m/;e 555.2 [M+H]f. ; 
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Prftparafe ion r2R. 452 SSJ l 'S) -S-fimida2'oyl-4-vl"ace1:yl) amino* 
' ^ 4->iydro3cyN- f 1 '-lsbpropyl-1 '-iTnttiazor-g-ylVTtiefcTi^^ 
5 ^ ph^^riyltni^>hy1-hA^rtatnidft . ( ,}^: Y : ^ . X ' ■\. J^^a ^0 . - 

Following the procedure of '^Exai^le^-79 (a) -7 except 
using (imida20l-4-yl) acetic acid in ^ place of 4-acetoxy 
benzoic acid, the title compound was prepared. 

10 d Exaftple - ^83V - Aa.^.a : ■ ^ : ii:^,^.>a^ ■ or " 

Preparation of r2R> 4S. 5S> 1 'SW5- f fc-butoxvcarbonylVatniho-4" 
hydroxy-yr-n '-isoprbovl-l f4-carbomethoxveth^iimidazol-2-> 
yl ^ } methyl-g"pheny 1^2-^henylTnethyl^hexahamiae^^>ra ale 

a) (IS) l-carbobenzyloa^amino-l-isoproEiyi-r-^^^^ 
. ^ carbomethoxyethylexie) iinidaibl--2-^ ]metiiahe ^^^^ ^ ^ ^ ^ 
^ The ccbpound of KxaTnpre 27 (bj^'^^Cl&OJ mg;v6 

lithium chlordLde (28 mgv 0.66 mmol) : ahd3:v af \ bv ,HX > 
20 trimethylphosphonoacetate (61 mg, 0.33 xnmol) w^re>^diss61ved 
in anhydrous acetonitrile (2 mL) . 1, S-Diazabicyclo [5.4.0] - 
undec— 7-ene (55 mg, 0.36 zomol) was added amd the reaction 
mixture was stirred at room tenqperature overnight. The 
' solvent was removed under reducedApressure 
25 was purified by flash chromatography ^(silicaav v-2%tmethah 
dichloromethane to afford the title TiCon^ound. (72 rmg;! 61%). 
NMR(CDCl3) 5 7.60-7.10 (6H, m), 6.50 (IH; vbrisj / 6.10 (IH, br 

s), 5.15-4.95 (2H, m), 4.50 ; (IH/ br: m) / rv3 .75 (3H,v s) , 2.30 
Vr -. (IH^ br m) , 1.10-0 .80 (6H/'m)r MSr m/iei 3581/2'^ [M+H 

.30 ■ i\ :y[^,':- sh ■ VT, ' 0^: 

. b) (IS) -1-amino-l-isopropyl-l- (4-carboraethoxyethylimidazol-2- 
' ^ -yDmetheme ^ ■ - ""r ^' .-■■^^P ^ ^ 

Following the procedure of Exan5>le) 1 (b> ; <4xcept 

« 

substituting the contpoxind of Example 82 (a) for the confound 
35 of Example 1(a), the title cozn^ound was prepared. NMR(CDCl3) 
8 6.65 (IH, ,s) r 4.40 (2H, br s) , 3.82 (IH, d, J=3 Hz), 3.65 
(3H, s) , 2.90-2.55 (4h/ m) / 2 . 05 (IH/ m) , 0.90 '(6H, d; 
J=3Hz) . 
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, (2Rr 4S, 5S, 1 1 S>.--5- ( t-butoxycarbonyl) amij[io-4-^^^ 
methylsiioxy-H- [1 '-isopropyl-^l •- (4-carbometboxyetliyliinidazol- 
2yl ) ] methyl- 6-phenyl-2*-phenylmethyl-hexanamide 
^ . , ^o^owiJi?^^.t^^ 1(c), except using 

the confound "o-E Example '',8^^^ the title compoxand was 
. prepared. Nm(CDCl3);8'7.35-^^ 6.55 (IH 's), 

:*-*'^ .^^^^ (IH/m), 3.70 (3H, 

; - ' A-.^P"2 r40 ^ ?) / 1. 90-1. 60 (2H, m) , 1.38 .. (?H, s) , 

10 0.90-0.70 .(15H, m) , 0.10 (6H, d, J=2 Hz) . 

t -^d:. ;a:.;v:roj:; b-i-O::-' si. ^ -v . i. . fj 

5^) , , . ; |2R/4S, 5S , 1 • S ) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- 
X ; i.Ll.'r^sopropyl-l.?-r (4-^^ j methyl-6- 

phenyl-2-phenylmethyl-hexanamide.., 
" (. ; .,.; Followijttg. the procedure , of Example of 9(d) except using 
f ■ . of Eacan5>le,j83 (c) , the title conpound was 

pieipared. " NMR(CDCi3) 5 '7.30-6.90 (lOH, m) , 6.55 (IH, s) , 

5.00 (IH, d, J-4 Hz), 4.45 (IH, m) , 3,70 (3h/ s), 2.95-2.50 
r]2r^§l.^^f^,^ r ,1.80-1.60 {2H, m), 0.85 ,(9H, s) , 0.70 
20 (6H, d, J-3 Hz); MS m/e 7621.4 . [M+HJ+, 




25. hYdrnxY-N- fl '-iRonrnnvl-i «- r4-rar'HnvAn.^ H^^^^ ri;,r>T-9- ^, 

: fV,^b: (lS);-l-carbobenzylpxyaia^ 
; (hydrazinocarbonyl) iroidazol-2-yl) ] methane 
'^^r.r-: >V; ^y*!^f^®i;;^y*^*?i^.^? (47 ^iL, 1.5 mmol) was added to a 

solution of the compound of Exan^jle 26(b) (100 mg, ,0.30 mmol) 
in anhydrous methanol . ^ The resulting mixture was stiirred 

-n-TcK^fi'^^^^A fi'^wF??®" i^?"^®'^^^^^®; and concentrated under reduced 
pressure. The residue was partitioned between ethyl acetate 
^"I^ .^O* aqueous. Na2C03 and the organic extract was dried over 

Na2C03 and yaporated under reduced pressured The residue 
; . .was puri^ (silica,. 4% 

methanpl/dichloromethane) to afford the title compound (52 
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mg, 52%). NMR(CD30D) S 7.50 {IH, s) , 7.30-7.20 (5H, m) , 
* 5.00-4.90 (lEr m), 4 .45 (IH/ d; J=6 Hz) / 2 m) , 

0.95-0.75 m); MS m/e 332 .2 [MfH]+ ' 

5 b) (IS) -l-ceuJDObeiizyloxyaTnlnb-l-isopTO [ (4- 

azldocarbonyl) imida2ol-2-yl] methane t ,^' 

The con^jound of Exaitiple 83(a) was dissolved dLn 2N HCl (1 
xnL) and glacial acetic acid (0.2 xnL) and cooleid in an ice 
bath. A solution of sodium nitrite' (li mg^ ^0.16 nanbl) in H2O 
10 (200 \LL) was added dropwiseJ' MEbe rbacti^ 

stirred for 0.5 h, neutralized with cold concentrated 
ammonium hydroxide arid extracted with etAyl M The 
- organic extract' was dried over Na2C03 and> the ^^sbi^^ removed 

in vacuo to yield thia title compound 
15 NMR(CDCl3) 5 7.75 (IH, s) / 7^35-7.20 ' (5H/^m) V 5.20-5 .00 ' (2H, 

m) ; 4 . 62 (IMr br m) ,'2. 60 (1h br m) V li^lOHD^iBtf (6H;^'m) ; IR 
2123cnrl (CON3)':" ' ^' ' ^ ..^..'•'Ly-^i.r-c 

c) (lS>-"l-carboben2yl03c^ndLno-i-isopropyl— ^ 
20 carboxamidoimida2ol-2"yi) methane v - -r v 

The coxnpound of Example 83(b) was dissolved in 2 nlL of 
ethyl acetate and stirred" with of concentrated ^imnohium 
hydroxide (1 mL) at O^C for 0.5 h, then at room temperature 
overnight . The reartibn mJbdrure' w^ 
25 extracted with ethyl acetate/ and dried over Tlie 

solvent was removed an vncud* and the "residue "was purified by 

flash chromatography (silica, 4% methianol/ dichlbrometha^^ 

to afford the title coropoiind (50mg, "lbO%)-P NMR(CDCl3) 5 7.45 

(IH; s), 7.25-7.10 (5H, m)'/ 5 .00-4 . 85 (2H/ /^i^ d, 
30 J«-3 Hz) , 2.00 (IH, br m) ^ 0.90-6^70 (6il^ m/e 317.2 

d) (lS)-l-amino-l-is6propyl-l7(4-carboxaitiid^ 
yl) methane. 

35 Following the procedure of Excinpie 1 (Id) , except 

substituting the compound of Example 83(c) for tlie coitgpound 
of Example 1(a), the title comp tirid' was prepared. 'NMR(CDCl3) 
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. 5 7;45 (lH,'s^^^^^^ d^'J^3 Hz), 1,80; (IH/ br 0.75- 

0.60 (6H/ m) . , , , • 

, , e) J {2R, 4S, 5S, 1 ' S) -5- ( t-but03^carbonyl) amino-4-t- 

,^5 b^^ 

; carboxaMdoindda^^^^ ] methyl- 6-phenyl-2-phenylmethyl- 

, hexanaxnide . . . . 

, Followduttg the procedure of ^ Exan^le 1 (c) , except using 
jthe compound^o^^^ the title con5)ound was 

10 prepared. }^{CQCl3) S i 7.45-6.90 (ItH, m) , 

,X;;:i 6.25n(lH, d, J'^^^z) , o^rSQ (IR, d, ,J^6R^ br m) , 

13 o>,.3.M^.(l^, Am),i 2 m)rvl.9p^ <1H, br : m)>^ 1.70-1.50 

.-r ; (2H,^ brj^m), 1.35 (9H, s)r^0.90 (9H, s) , 0.70-p.60 {€Br m) , 
0.10 (6H, m) • 

f) (2R,4S,5Srl'S)r5-(t-*utoxycarbonyl)Mii^ 
[1 '-isopropyl-l (4-carboxainidoimidazol-2-yl) ]inethyl-6— 
phenyl-2-phenylmethyl-hexnnainlde . ^ 

- : : svi .'?>?M°??^f o?^? rP*^®®?^^ the 
.,i20 , CO 83(e). ,the „title .conqpound. was, prepared. 

im.:; ™> / .2 r^.S-a . 50 (5H,,,m), 2.00 

.•u'i-: : JlH,f br m),3 1.80-1>50_ (2Hr m) , 1,30 (9H,. s) , 0.80-0:65 (6H, 

25 (f : :■ iO'; ao-rt /OL o .•■ ■•. 

. Preparation of f2R. 4S. 5S. 1 V<;^~9-p^Anylmefchvl-4-hvrifnv^ r«;- 
, , f l-QXOPrcpvl> -2--thia20lvl> aminos -6-T>henvl-W- n « -j snnr-onvl -1 
I f iinlda7.o-2-y 1 ^ \ mghhvl-hi>xanant1 Hi^. 

30 . \' : . " 

a) (2R, 4S, 5S, 1 'S) -2-phenylmethyl-4-t-butyldimethyl-siloxy-5- 
j,thloureidoT^-plie.nylr-Nj,{l.V-isopropy^ (imidazo-r2-yl) ) methyl- 

A solution of .benzoyl; isothiocyanate (prepared from 
35. , .,anmoni\jm:.thiocyj^ (147 mg, .. l.,93 nnnol)^ and benzoyl chloride 
,r,,(257 mg, 1.84^-,iniao.l): in of acetone (10, mL) according to the 
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procedure of *J- Amer. Chem. Soc. , 56, 1408 (1934)) was 
treated with, a solution of (2R, 4Sr5S, l•S)-2-phenylmethyl-4-t- 
butyldimethylsiloxy-5-ainino-6-phenyl-N- (1 '-isopropyl-1 •- 
{imidazo-2-yl) ) methyl-hexanamide (1.6 g^, ^ '1 • 83 mmdl) in 
•5 acetone. After 20 min at 23*C, the solvent was evaporated, 
cind the residue was dissdived in d^ The ether 

extract was washed with water, dried; 'and* this 'solve^nt was 
evaporiated. This residue iras^ dis^dlved^^iST of^^ mL) , 

treated with 2.5N NaOH (0.1 mL) and heated to '^50^^^^^^ 30 
10 mdLn. The solvent was evaporatedj an<i the^*%e 

dissolved in EtOAc ^ ^ The ' drgaj^c*^^ solution'" wafs^ with 
water, dried, and the solvent evaporated. The' residue was 
chrcmatographed (silica; ■ 5% MeOH/CHCia) tb yield- the title 
compound (520 mg, 47%). limipksdy 8 1.80 Hm (IH, 
15 d), 6.70-7.20 (15hV m) , 4 . 69 ^ (IH^tOr 4t54 ^^^IH/ ni)-/^3.78 (IH, 
m), 2.72-2.86 (3H, m) r 2.54 (Ih, dd) , 2;4^ (IH/ Sd)? 2.04 
(IH, m), 1.82 (IH, m), 1.30 (IH, m) / 0. 92 (9h; s) , 0.86' '(3H, 
- d);- '0'.74^-(3H, d)> '0.15 '|6H,^ dy. --^^ 

20 b ) dimethylf ormamidino 'cierivative 'laC^^' (2Sf /^Ig^SS^i ' IS ) 

, : r phenyimetihy^ silyloxjHs^^^^ 6- ' 

' phenyl-N- (i • -lsoprdpyl-1 (imidazd 
' ' ' A solution of the coxnpouhd of Exanqole 85 (a) (122 mg> 0.2 

mmbi) and dimethyifbrmaTnld& dimefchyl&etal/^ 
25 ^ ^^ih CHCia (2 mtyUwas -stirred' ad^^ 

and excess reactant was removed milder High* N^cuum,^ and the 
residue was chrcmatographed (Florisil®, 2% MeOH/CHCL3) £o 
yield the title compooind (100 mg, 76%) . NMR(CDCl3) 5 8.82 
- ■ (IH, s) / 7.()5-7.4(^ ' (i2H>^ m)', e^lG^HiE:, ^i^ %'y^^^^ d) , 

30 5.32 (IH, m)V 4 ;66 (lH;'^aSL)V 3-86^'(i^^ 

3.05 (3H, s), 2.70-3.04 (4h^ m) /^2l4X^-k^B^^T m) , 

1.00 (9H, s), 0.80 (6H, dd) , 0.14 (6H, ,d) . 

c) . (2R,4S; 5S/ l*S) -2^piienyiiiethyi-^^ 
35 silyloxy-5- (5- (1-oxopropyl) -2-thia2olyl) amlji^i'-'6-plxenyl-^ 
( 1 • — isoprdpyl— 1 ' — ( imidazo-2-ylV) methyl— hexanim , . 

A solution of the compounci df ' Exanqple 65 mg^ 
0.15 romdl)'; l-b2:omo-2-butanon:e (i5' mgV'^0 1165 nmiolVv^and ' 
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^.r^l^:>'trU!:thylaa±xif^^(33 ing,,,^0..165 mmol) in acetonitrile ,(10 inL) was 
0-. r.!:. -.^lieated at jJC^g for 3,5 h.., jrhe . solvent was ejraporated, and 
the residue shaken with a mixture of diethyl ether and 
r seperated, washed with water, 

,5 ?;: dried, v andr the /solvent was evaporated, ^ 
ts>v;'«9^S?^M5$.$:v^?9? i^.::?^^ and hexane . to yield 

o-i:\^:^^?-9d^^S^:J^^b°^' .^liP inWCCDClj) ,5 ,7.75, (IH, s) , 
-.:7 . 02r7 .38:x(10H, m) , ; 6 . 88:i (2H, m) , 6 . 80 (IH, , br s)^ .6 . 70 (IH, 
(c ;.i 4) 6 . 60 (IH,. d) 4 , 62 ; ,(1H, t ) , . 3 . 96 ..'(IH, m) , 3 . 78 ,(1H, t) , 
510. 2.82.r(3H,.my, 2.72:.(2H, q) , 2.54 (2H,m) ,2.20 l(1H,. m) ,r 2.04 
. , ; j (IH, m), ,1.66 (IH, m),;1.15 (3H, t), 0.96 (9H,, s), 0.72 {6H, 
, ; r t) , 0-10 (6H,;d),. , , , 

; ■ ; \ .4) • ;, (2R, 4S, , 5S,) 1 'S) -2-phenylmethyl-4-hydrpxyr5- (5r-,(l- 
15 oxopropyl) -2-thia2olyl) amino) -6-phenyl-N- (i '-isopropyl-l 
(imldazo-2-yl) ) methyl-hexanamlde 
■■ Z) ^ solution of r,the.iCon5)pund of Example 85(c) (50 mg, 0^07 
M^X^ipmol) in ■(2-mL) of -raF.was treated with) ; of tetrabutyl- 
ammpnium fluoride^ (0.2 ;nL, IN, solution in . THF),. 58*C for 1 h. 
20 ,The;.solyents were .evaporated,, and the residue;; dissolved* in 
..nv ether . . .The , ether ;was washed : with water, dried, and the 

solvent, eyapprated. ,,The residue was .chromatpgraphed (neutral 
s. alumina, . Activity; j V, impurities removed i with j.2 % MeOH/EtOAc, 
I ji..:Pr<>4"ct eluted wij^^^^^ to yield the title 

25 ^ .^coinppund, (22 mg, ,55%) > NMR(DMSO) 5 7»75 (IH, ,s), .7. 66 (IH, 
d), 6.80-7.30 (13H, m) , 4.93. (IH, br s) , 4 . 78; (IH,- t) , 3.78 
(IH, m), 3.68 (IH, dd) , 3.00 (IH, dd) , 2.92 (IH, dd) , 2.86 
(IH, m), 2.80-2.90,,, (lH,,br), 2.76 (2H, q), 2.56 (2H, m) , 2.12 
(IH, m), 1.74 (IH, m), 1.69 (IH, m) , 1^20 (3H, t) , O.80 (3H, 
.30,;vd) /^:0.,^3:,l(3H,y d)..;iiyi ~, (y ^' . ■ - ' [ ■ \^ ..... 
..,..,1. :j- );. ^s.:.;.-. u;. J-.' : ./v.V:'. .■ci.i .■.'■;.£'.■.' ;■ .■■ ■ •■ ■! -. 

. . ExampTf; flf? . 
PrfiPflrn1-inn nf ^?R. 4S. ss. i -r?-p^>>nY^n , ^^hv^-4-1,yri7-nv^,-■^- 

35 i-- (l-nxnnrQPVl)-?-t-hla20lvnaTnjnr.>-fi-pV,on^1-.W-/l ^ ~ ■^ ..,»p^r^pY^-^ .- 
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a) (2R/4S,5S/l'S)-2-phenylmet:Jiyi-4-^c^Lm 

5- (2-tJiia:solylamino) -6-phenyl-N-'{l " -isopropyl-T' -^^^ 

yl) )methyl-he3canam±de. ■ " ' o;\ a?^ ^.rbl^^^^^ 

The comjpound of Example 85(a) (50 mg; 0.08 mmbl) in 
*5 CHCI3 (2 mL) was treated with chlorbacetal^iehyde'^ '(50 mg, 0.64 

xnmol) . After 20 min the solvent 'and 'excess^ reag^ 
evaporated.^ The residue was ^dissolv^^ with 
; aqueous NaHCOj^ dried ^and thfe^solveiit VevajporatedV- The •.: 

residue was 'chromatbgraphed- -(Florisil^^ ^^(50% ^EtoAc/liexane) to 
10 yield the^ title bompbiind (42 mg, J83«) .lSMR(Cf)Ci:3)f 5 7.12- 

7.30 (lOH, nO/7.02 (IH; d), 6.92 (2H> m)^ 6.82 (IH- br) , 
6.62 (IH, br), 6.38 (IH, d) , 5.86 (IH/ br); 4158 (IH, t) , 
4.00 (IH, m), 3.86 (IH, m) , 2. 85 (3H, m), 2.52 (2H, m), 2.26 
- (IH/ m), 2.1€ (in, m)V li68^'(lH/-m)/ 0;98 (9H/^s), 6.70 (6H, 

15 -^t)';-- 0".12" (6H, d)^"--^ = • .{.fvL.... vi ^ ■^0::-.p ' 

b) (2R, 4S, 5S, 1 •S) -2-phehylmethyl-4-^hydr6xy-5- (5- (1- 
oxopropyl) -2-th iazolyl) amino) -6-phenyl-N- (1 • -isopropyl-1 • - 
(imida20-2-yl) )methyl-h€bcanakidLeP^ : A^dA X? :^uh :6n:\i?\ 
20 ■ ' Following the procechire of Examples 85 <d)V:rexcept 
substituting the compound of Exanqplef 86 (ia)^/'fbr ^t^ 
- of Example 85 (c), the title cbn^jouiid wias prepare 

NMR((3DCl3/DMSO) 5 6^80-7.42u(14H, in) ^:^:6i^()>^^ (IH, 

bry , 4:74 (IH, t) V 3.^70 -(IHi^^^m)V 3^ 
25 2.88 '(2H,m)/ 2.58 (IH, m) ,"'2 .18' (IH, m) 
■ ■ *(6H, ^dd) . " ^^-^ at.V-Gil.L ■ , 

. ^ r Examplfiiaz^- ' ^un 

propvl-2-thia2olyl) amino) -6-phenyl-W- fl *-isoprr>py1 -1 

( imida2Q"2-yl) ) methyl-hexariamide. 

a) (2R, 4S, 5S, 1 • S) -2-phenylmethyi-4-t-butyrd:imethy^^ 
35 ^ (5-propyl-2-tjiia20iyi)^amiho) -e^plbefi^ «^ 
(imida20-2-yl) )methyl-hexaniimi<ie^'''"*^-^^^ •c:;U; .L 

A solution of the coirqpound of Exaimple 85(a) (120 mg, 0.2 
mmol) in CHCI3 (5 ml.) was treated with 2-bromovaleraldehyde 
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•io .¥->i (106? mg,- 0. 6. mmol) and'WOT d to 60*C for .30 min and 86**C for 
. r iwn S min.. .. The solvent - and. excess reagent were removed under 

reduced pressureU .- The residue: was dissolved in EtOAc, washed 
!l - l:- withvaqueous.! K2C03,. ;drifed, and the solvents evaporated. The 
5 residue was chromatographed, (silica, 3% MeOH/CHCla) to yield 
the title con^jound (55 mg, 41%). NMR(CDCl3) 5 7.10-7.30 
(lOH, m), 6.88 (2H, m) , 6.72 (IH, br) , 6.68 (IH, s)., 6.60 
(IH, br), 5.60 (IH, br) , 4.62 (IH, t) , 3.94 (IH, m) , 3.78 
(IH, t), 2.82 (3H, m), 2.50 (4H, m) , 2.26 (IH, m) , 2.04 (IH, 
10 m), 1.66 (IH, m), 1.55 (2H, sextet), 0-94 (9H, s) , 0.92 (3H, 
t), 0.70 (6H, dd), 0.08 (6H, d) . 

b). (2R,4S, 5S,' l'S)-2-phenylmethyl-4-hydroxy-5-(5-propyl-2- 
thiazolyl) amino) -6-phenyl-N- (1 '-isopropyl-l •- (iinida20-2- 

15 yl) )methyl-hexanamide. 

Following the procedure of Exaople 85(d), except 
substituting the conqpound of Exan^le 87 (a) for the confound 
of Exan^Jle 85(c), the title compoimd was prepared. liMR(CDCl3) 
8 7.50 (IE, br), 6.90-7.24 (lOH, m) , 6.78 (2H, s), 6.60 (IE, 

20 s), 6.18 (IB, br), 5.76 (IB, br), 4.60 (IE, t) , 3.68 (IB, m) , 
3.52 (IB, m), 3.05 (IB, dd), 2.95 (2B, m) , 2.82 (IB, dd) , 
2.62 (IB, m), 2.58 (2B, t) , 2.32 (IB, m) , 1.86 (2B, m) , 1.60 
(2H, sextet), 0.96 (6B, t) , 0.75 (6B, dd) . 

25. RxaitmTp. PR 

Preparation of ^2R.4S.5S.i »s\-■'^~/n^o»^-^T>^^^«„^„r ^ 4-^Y'^^"^^y-*'- 

Following the procedure of Example 75 (a) , except using 
30 nicotinoyl chloride in place of benzoyl chloride, the title 
compound was prepared as a white solid (43%) . Mp 233-4"C 
(dec); NMR(CDCl3/CD30D) 5 8.81 (IH, d) , 8.59 (IB, dd) , 7.99 

(IH, m), 7.35-6.86 (14H, m) , 6.79 (2H, s) , 4.44 (IB, d) , 4.19 
(IH, dt), 3.59 (IB, m), 2.90 (2H, d) , 2.68 {2H, m) , 2.52 (2H, 
35 m), 1.96 (IB, m), 1.71 (IB, m), 1.58 (IB, m) , 0.70 (3B, d) , 
0.58 (3B, d); MS(ES) m/e 540.2 [M+B]+. 
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. yl . The above description^ fully disclosVs^ how tbnm^ and 

^ = use the present invention . - However>v the presentuinvention is 
i: - : . not- limited to the particular eiribodiments-; describeds 

hereinabove, but includes all mbdififcat ion-is^? thereof-' within 
' -V5 the scope of the following- claiirisli^^^;^^=v ilo ::ai?^v ^ij^i:^x,-% n 

.U- r-n , . ' c-:/ .x^. : ^H'-^ r^iiJ; *8i;.;\"' 01^' 
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^Wiat, is - Claimed , is :^ 



1. A ppmppund of the fornnila (I) : 

OH R9 



wherein : 



iv (I) 



, . find r3 are. each independently Q, Q-Ci-gaUcyl, 

L , ^'P^rfi^^y^'^y-^^ Q^^^ or Ci-galkyl substituted by one 

10 to five fluorine atoms, each optionally siibstituted by r23; 
Q is H, C3_6cycloalkyi/ C5_6<rircioalkenyl, Ar or Het 
, _R2 /is H or^pH;;: . ..; 

is r6-NR11- or C0NR"CHR6r'; 
r5 is r6-NR11- or RlO-KRll-; 

./< R7 ,ig :Q_Cj^galkyr^ 
' * ? . - r8 and /^^ halo, N02, CORi2, 

CFs/ Ar/; CiLgalkyl-Rls; or R"<R"r19c) „, or together form a 
20 fused C2-4alkylene, aryl or heteroaryl moiety;' 

RlO is A-(B)n-; . ^ . : ti .: 

. ^ ■•'•.R"''is''H ^r ^l^eClkyl; -^-s^ i-' ■ 

'^\^:^:i3'^^,' 6b7/ mPB^ or an -amljio acid or amino alcohol; 
■ B is an amino' ac!id; "■ - • ' '' -■ ' i ' 

<25:f r! v A is H> Het-W or 

v' 'Rl''(Ri8Ri9c)irW;-or phthaibyl ea^^^ substituted by 

. one' to"^ three- g^^ r15 q-j. ci-gaDcyl-RlS; 

y ^^9^' 0C(=O), NRllC{=0)/ iSC (=<>); NR"C(=S); S02V 

-•■•NRllSO^- 'or P(=0) (0R22')V' ' ^ ]-'^- 

30 b: RlSvis H, ' nitrop Ci-ealkoxyV Ci.galkylthio, 0(C=0)Rl6, 

C=0R22, C02R22, C0N(R16)2/ N(R22)2, NHC(=N)NH-A, I; Br, CI, F, 
ORiO, or OH, provided that when R^^S is a substituent of the 
carbon adjacent to W, RlS is not halogen or OH when W is 
0C(=0) or NHCO; - . .1 . 

35^ Ri6 is H or Ci-galkyl; 
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Ri7^ r18 and r" are independently: ^!) 
Ci-4al3cyl, Ca-galkenyl, phenyl, naphthyl, C3-6Cycl02akyl or 

Het/ each optionally siibstitutW by oi^ or 
R^^-Ci-galkyl groups , or ii) is as above and (R^^R^^C) are 

5 jodLned together to form a phenyl, naplithyl/ Ca-gcycloalkyl or 
Het ring, or iii) R^*' is as^ above and R^^ and R^^ together are 
=0; ' ; - \ ; . - ■ . 

R^ is H, Ci.galkyl, phenyl or phenyl-Ci-4alkyl; 
r23 is -x»-{CH2)<^^R25, X" [ ( (CH2) rOX sJR^ 
10 CH2X" [ ( (CH2) rO) si R^^r or heskoiivc^ 

azabicyclo C7-iicycicaikyi or benz<^ii)e^ 

substituted with ci-4alkyr/^ .aa-o.je 'mX-ou ^^---^^^'i -^it ox ■ ■ 
q is 2-5; 

s is 1-6 and r is 1-3 within each repeating unit: s; 
15 X' is CH2, 0/ B 6t imr'^' ^4. 

X" is CH2r NR'r o, s; !so or SOa;^^ ^ ? 
r24 and r25 are i) Ci-galkyl, optionally substituted 
OH, Ci-3alkoxy, or N(RM2r ii) tte-'same or dij^ 
joined together to form a 5—7 laexnber. heterocycle containing 
20 up to two additional heteroatoms : selected. from>;NR, O, S, SO, 
SO2, said, heterocycle pptionaliy ;^Ti^ 
iii) aromatic heterocr^cle,. optionally , substituted with 
Ci-4al3cyl,.or ,N(R')2; , 5 ^ - ^j^^ ' 
R* is H or Ci-4alkyl; . ^ - i o^- 

25 r2€ is H, Ci-4alkyl, C(«0) r27, . c (=0) 

P{=0)(0M)2i^ C02R2V. C("^)NR27r28^ 
divalent metal ion, smd U is NRV or 0; .f. 

R^*^ is Ci-ealkyl , or Ar,^ optionally .^srODStituted with, one 
, or more hydroxy, carboxy, , halo, .Ci-salkoxy, C0NR'.2, NR»2/ 
30 CO2R', S02NR'2/ CH2NR2,. NR'COR', NR^^^^ or 

CH2X"[{CH2)rO]sRV.^ /..-^ c■^:.-;',c^ .0-- aJ:W 

r28 is H, Ci-galkyl or together .with, R^^ ^forms - a > 5-7 

membered heterocycle or a 6 membered heterocycle containing a 
heteroatom selected from N, 0*and.S;.- ^ "f^.f^^i 
35 m is 1-4; and; , .. . . 

^ . -n is 0 or 1; . .^^ ^ ^ ; b.: , 

or a pharmaceutically acceptcible salt thereof. 
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. V 2 . , A coxnppuiiel . according-, to ,,claim 1 wherein : 

and r3 are Ci-calkyl, Ar-Ci-galkyl, Ar-C2-6alkenyl, 
. : 2ir-^.6&l}tyiiyl, ,or. Ci-ealkyl optionally substituted by one to 

.•i:five..fluorine;. atoms; vf- 'v ... . . . • 

5 , ( .X-iSjN-Rll;. ■• -.l- -- ■ 

R4 is CONRII-CHRSr"'; 
no -f . ;v>:,cjf R5 iiS'RlP-NRll; ..— ..y.- . . • . . . , 

oj. r i . ; -i ; ricR? . is rH,u Ci.galkyl, vCa-Gcycloalkyl, . . phenyl or benzyl; 

R8 is H, Ci-galkyl, COR", NO2. or Br; ; . 
aclO.rr. JY-: '-?; R» is ^H, NQ2/,:fBr, . CORI^, CF3,;: Ar, Ci-galkyl ..or> 

-IV Ci-6alkyl-Rl5,.; wherein rR?;? is h, Ci-galkyl, r,Ar, OCi-ealkyl, 
NH2, and RlS is OH; ,. . 

>•c^.iH^^vx :.rA iS-H,. Het,,.R^^^ or Het-W; ;: 

. •5i;%U:iB.;:i8.;al3!Sent!;.Or/yal;.K<..-.?,\; ' .•;■:;•■.'?■'..:!.•. -.-. ii-v: 

15 Rl7, RiB and R" are H, or Ci-4alkyl, Het or; Ar,, each 

optionally- substituted- by one>or two R^s ori RiSci.galkyl 
? groups, - or KRW'C): ;are joined together 'to; form a phenyl, 
C3-6cycloalkyl or Het ring; :and ;yl > ..::v:: 

notir>:ioyxo:}Mi-l8> C-0,:;0C.(-0)V-1JHC(-O)a, NHC(-S) or SCC-O) J-) ' ' 

20 ~j::vfi..5?>;ji [ ; J. v-;'>:--n^;,i^t..l<.U- . -' 1-.. v'X/- ■■:■/-, ■-- •• , ■ ■. 

3 . A con5>ound according to claim M ; wherein r4 is = 

.■t;'.f:C0NR|^CHR«R7;^;and X is-N-H^ t^r ..>- , -■ 

4. A compound according to claim 3 wherein r8 is H and r9 

-25' ^-.iSvH:orvC0Rl2.;:„„, ;:v:-or . f , , 

5. A con?)ound accorddLng to claim. 4 wherein R' is . Ci_6alkyl . 

v-l6;.; fktAr<compound ' according, to claim 3 wherein Ri is benzyl and 
30 r3 is benzyl, 4-hydroxy-benzyl ; or pheny Ipropenyl . U 

7 : A)coxi5>ound according to claim 3 wherein A is 
r17(r18r1!»c)„-w, and R", Ri8 and Ri9 are H, or Ci-4alkyl, Het 

or- Ar. t: ■-: >.•■ .i .<: -:•■: • .r\ ' ■ ■ i:' ■ . 

35 i'! 'j .'! r.;;.^- i ., .■ : i y ■■ ■ ' ■<■ 

8. A compound according to claim- 3 wherein =B is absent and 
A is . Ci-galkylOC (=0) . 
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9. A compound according* to claiifn 3 >where^ 

10. A coinpouhd according to claim 1 wherein^ the compoxxnd is: 
(2R, AS, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (t^butoxycarbonyl) - 

5 amino-e-phenyl-N- (1 '-isopropyl-l {imida2o-2-yl) )methyl- 
hexanamide hydrochloride; yfij\^- ^-:: :oo ^-x 

(2R, 4S, 53, 1 • S) -2"phenylmethyl-4-hydroxy-5^ ( t-butoxycarbonyl) - 
amino-6-phenyl-N- [1 »-isopropyl-i;«- {4-arain 
yl) ]methyl-hexanamide; * ' -3 j, {Aits>,..i.^ ^u- el /^H. 

10 (2R, AS, 5S, 1 • S) -2-phenylmethyl-4-^hydf bxy-5- { t-T^^ - 
- amino-6-phenyl-N- [1 '-isopropyl-l (thiazo^2-^^^ 
hexcuiamide; : ^rra ,-r^ 

{2R, AS, 5S, 1 » S) -2-phenylmethyl-4-^iiydro^^ . 

amino-6-phenyl-N- ( 1 • -imida20-2-yl) methyl^hexariamide 
* 15 hydrochloride;' -. ^. ^ ■ b^ir.- -^^K '^f ■ ;i 

y . (2R,4S/5S,l»S)'^2-T3henylmethyl-4-hydr03^-5-(tHbutdxycar^ 
amino-6^phenyl-N- [1 '-methyl-l (iiaida26^2-yl) J 
hexanamide hydrochloride; rrp^ ^- ^ ts> XvHl:^v:ij.;;0'''vj:;^:w.k': 

(2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-^5^ ( t-but03^carbonyl) - 
20 amino-6-phenyl-N- [1 '-benzyl-l (imidazo-2^1) ]methyl- u 
hexanamide- hydrochloride; ^ ^ii^ ^o;?r;:i^"-b;x?:>;;iqfaoa / * 
(2R, AS, 5S, 1 • S) -5- {ccu:boben2yloxy);amiri6-4-hydroxy-^ 
isopropyl-1 • -imida2ol-2-yl) methyl-6-phehyl-2-phenyimethyi- 
:hexanamide; '(ir o'y - ab-i<^:0^ ' M \. /y '. 

25 (2R, AS, 5S, 1 • S) -5- ( t-butoxycarbonyl) amind-4-hydroxy-N- [IvV- 
isopropyl-1 ' - (4, 5-dimethyl) imidazol-2-yl] methyl-6-phenyl-2- 
■ rpbenylmethyl-hexaneunide;^' * ^^"^ i\^y: :/i , 

(2R, AS , 5S, 1 • S) -5- ( tHbutoxycarbonyl) amino-4-hydro ' ^ 

; / : visopropyl-l'- (N' -methyl) imidazol-2-yl]methyl-6-phenyl-2- 
30 phenylmethyl-hexanamide;; .tu . /o^i^Y^^^^ /.^^ 
{2R, 4S, 5S, 1 'S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- (1 »- 
isopropyl-1 ' -imida2ol-2-yl) methyl-^6-^henyl-2-^ (3-^ 
iphenylpropargyDhexanamicle; / r- Mr 

(2R, 4S, 5S, 1 • S) -5- (isopropoxycarbonyl) amino-4-hydroxy-N- (1 • - 
35 isopropyl-1 '-imida2ol-2-yl) methyl.6-phenyl-2-phenylmethyl- 
hexanamide; ■ ^ • . v? -r,. . - _ v. 
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- ..J (2^l,4S,^s,,l.^,-5-(benzylo^^^ ainino-4-hydroxy-N. 
V (1 •-isopropyl-1 •-imida2ol-2-yl)methyl-6-phenyl-2- 

phenylmethyl-hexanamide; ^. 

- ^<2MS,5S^:l'S):-5^{methoxycarbonyl)ainino-4-hydroxy-N-{l'- 

o 5 i3opropyl.^.-i:^dazol-2-yl,n.ethyl-6-phenyl-2-phe„ylmethyl- 
hexanamlde; „ 

.(2R,.4S, 5S,1 • S) -5- (ethoxycarbonyl) amino-4-liyclroxy-N- (1 »- 

hexanamlde; : 

10 : ^^2R,.4s,5S,l•S)-5-(t-butoxycarbonyl)alnino-4-hydroxy-N-(l.- 
lsopropyl-l^ -imida2ol-2-yl) methyl-6-phenyl-.2- (3-phenyi-2- 
propenyl) hexanainide; , .j h - 

r (2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) aniino-4-hydroxy-N- [1 
is<^rppyl-i.-(4-nitroimidazol-2-yl) ]inethyl-6-phenyl-2- 
15 phenylmethyl-hexanamide; ; fj , 

' l:; (2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbohyl) amino-4-hydroxy^N- (1 

a 'ethyl-ir^lmlda20l-2-yl)„ethyl-6-phenyl-2-phenylmethyl- 
hexanamlde; , i, 

/ . .(2R, 4S, 5S, 1 • S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- (1 • - 

propyl-l.-lmi<lazol-2-yl)methyl-6-phenyl-2-phenylmethyl- 
hexanamlde; ;, ' ^ : : 

.(2R/4S, SS, !• S) -S- ttrbutoxycarbonyl) amino-4-hydroxy-N- fl ' 
isopropyl-1.- (4-bromoimidazol-2-yl) ] methyl- 6-phenyl-2- 
phenylmethyl-hexanamide ; ^ 

!(2R^ 4S, 5S, 1 .'S) -5- { t-butoxycarbonyl) amino-4-hydroxy-N- [i 
~: isopropyl-l .-,(4, 5-dibromoimida2ol-2-yl) ) methyl- 6-phenyl-2- 
phenylmethyl-hexanamide; v . „ 

) (2R, 4S, 5S,1 'S) -5- ( t-butoxycarbonyl) amino-4-hydroxy-N- [1 •- 

isopropyl-l.-(4-methylimida2ol-2-yl):]methyl-6-phenyl-2- 
30 phenylmethyl-hexanamide; i 

r <2R,4S>5S,15S) -5- ( t-butoxycarbonyl );amino-4-hydrpxy-N-[l'- 

is°P^opyl-l.-(4-trifluoromethylimida2ol-2-yl)]methyl-6- 
phenyl-2-phenylmethyl-hexanamide; -;. 

1 (2R,.4S, 5S, 1 . S) -5- < t-butoxycarbonyl) amino-4-hydroxy-N-methyl- 
N- (1 '-isopropyl-l • -imida2ol-2-yl) methyl- 6-pheny 1-2- 
phenylmethyl-hexanamide ; 
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( 2R, 4S,5S,l'S)-5-( t-but03cycarbonyl) akino-^4-hydrox^^ [1 ' - 
isopropyl-1 • - {4-carbome1:lioxyiinida2ol-2-yl) ] methyl^ 6-phenyl-2- 
phenylmetliyl-hexanamide; . ::;.^;^fi : /v^ ^rU 

(2R, 4S, 5S, 1 • S) -5- (t-butoxycarbonyl) amJixd^4 -hydros^ [1 
5 isopropyl-1 •-(4-methylcarbonylliiiida2ol^2-yr)] 

2-phenylinethyl-hexanamide; ^u/ no- 

(2R, 4Sr 5S, 1 • S) -5- { t-butoxycarbohyl) aiidji6^4-hydro3^^N- [1 ' - 
isopropyl-1 ' - {4-isopropylcarb6nyl-imidia2bl-2-yl) ] raethyl-6- 
phenyl-2-phenylinethyl-hexanamide; i,- ^n-xt:; 

10 (2Rr4Sr5S,l'S)-5-(t-butoxycarbonyl)amiho^4-hydrb^ 

isopropyl-1 ' - (4-phehylcarb6nyl-imidja20l-2-yl) ] methyl-6- 
phenyl-2-phenylmethyl-hexanamide; bl'^i>i-ax:n ih: ^ 
(2R^ AS, 5S, 1 • S) -5- ( t-butoxycarbonyl) amin6^4-hydr6xy-N- [1 
isopropyl-1 • - (4-f ormylimida2ol-2-yi) ] methyl- 6-phenyl-2- 
15 phenylmethyl-hexanamide; . ^ : \ > ^ : \l ' v^i'' > £ 
{2R, 4S r 5S, 1 • S) -5- { t-butoxycarbonyl) amin6^4-liydroxy-N- [1 • - 
i isopropyl-1 (4- (hydro3^ethyl)-:±midazoi^2-yl) ]i^^^ 
pbenyl-2-pbenylinethyl-liexanamide; . -^i: ^-o^ r^^ r 

(2R, 4S, 5S, 1 • S) -5- ( (tetur2aiydrothippyrah-4-^yl) oxycarbonyl) - 
20 cimino-^4-hydroxy-N- (1 »-isoprppyl-l «-lmida2dl-2-yl> metliyl-6- 
plienyi-2-phenylmethyl-hexanaiaide; ; - n/y ; 

{2R, 4S, 5S, 1 • S) -5- ( (tetrahydrb-4H«^pyran-4-^ - 
amino-4-hydroxy-N- (1 • -isopropyl-1 •-imlda20l-2-yl) methyl- 6- 
phenyl-2-phenylmethyl-hexanamide>:;K ^ i i^i: a; m i qe^^- - 
25 ; (2R,4S^5S,l*S)-5-(4-picolinyl03^)aidin<>^^^ 

, isopropyl-1 ' -imidazol-2-yl) methyl- 6-phenyl-2-phenylraethyl- 
hexcmetmide; \' 's::'\y}ac^>^^:^A.^ -/ru^^^^^ - 

(2R, 4S, 5Sr 1 • S) -5- ( t-butoxycarbonyl) ciraln6-4-hydroxy-N- (1 
isopropyl-1 •-imida2ol-2-yl)methyl-6-phenyl^2- (4, 4, 4- 
30 trif luorobut-l-yl) hexanamide ; • ;vn ^:-s4 : ^ r • ^ 

(2R, 4S, 5S/ 1 'S) -5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 
isopropyl-1 ' - (4- ( (IRS) -l-hydroxyethyl)^imida2ol-2-yl) ]methyl- 
6-phenyl-2-phenylmethyl-hexajiamide; v- oii^ ; v-t;: 
(2R/ 4Sr 53, 1 'S) -5- ( t-butoxycarbonyl) 2uaino-4-hydroxy-N- [1 (1- 
35 methyl ) propyl-1 • - ( imida2ol-2-yl) ] methyl- 6-pheny 1-2- r . 
phenylmethyl-hexsinamide; hh..-: -..i: 
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- ) • (2R,4S,5S,l'S)-5-(propylaininocarbonyl)amino-4-hydroxy-N-[l'-- 
isopropyX-1 • - (im±dazol-2-yl) ) methyl-6-phenyl-2-phenylmetliyl- 
hexanamlde; ■•- s. .. 

(2R, 4S, 5S, 1 'S) -5- (.47hydroxybutanoyl) amino-4-hyclroxy-N- (1 • - 
5 isopropylrl'-imida2ol-2-yl)methyl-6r-phenyl-2- : ; 
phenylmethylhexanamide; 

{ 2R, 4S , 5S , 1 • S ).-2-phenylmetliyl-4-hyciroxy-5- (benzyloxy- 
carbonyl ) yaly lamino- 6-phenyl-N- ( 1 • -isobutyl-1 ' -imida20-2- 
yDmethyl-hexanamide; . . i>£i 

u 10 -v' (2R, 4S, 5S, 1 • S) -2-phenylmethyl-4-hydroxy-5- (N-acetylvalyl) - 
amino- 6-phenyl-Nr (1 •-isobutyl-l»-imidazo-2-yl) methyl- 
hexanamlde; . f > 

(2R, 4S, 5S; l 'S> T5-t (imida2ol-2-yl)methyloxycarbonylJainino-4- 
ix hydroxy-N- (1 '-isopropyl-l •-±midazol-2-yl)methyi-6-phenyl-2- 
15 phenylmethyl-hexanamlde; ' . ^; V - v. . .■ . ( , 

' Vi- <2R;4S,5S,l'S,l"RS)-5-((l"-{lmida20l-2-yl)-2"-methyl)- 
propyloxycarbonyl) amlno-4-hydroa^N- ( 1 • -isopropyl-l • - 
imida20l-2-yl)metAyl-6-phenyl-2^henyla^^^ 

; )- • (2Ri.4S,SS,,l'S)-5-(t-butoacycarbonyl)amino-4-hydroxy^N-tl'- 

bJ20 / isopropyl-TlV-(4-(imid^2ol-2Tyl)l^ 

)--M v;;phenyl-2-phenylme1:hyl-hexanaiiiide;. - , j 

'^tn nr,(2R,4S>i5S/l'S)-5-(l-oxo-thian-4-yl)oxycarbonyl)amino-4- 
'i: hydroxy-N- (iv -isopropyl-l ?-lmidazol-2-yl) methyl-6-phenyr-2- 
;s' ;:rfphenyliriethylhexMainide:;>>-" • -^^^^ o: -; • * , . • 

25 ' (2R, 4S;5S/1 ' S) -5- ( (tetrahydrosulf onylpyrah-4- 

yl) oxycarbonyl) amlno-4-hydr6xy-N- (1 '-isopropyl-l •-iinida2ol-2- 
yl ) methyl- 6-phenyl-2-phenylmethylhexanamlde ; ' ^ 

; . (2R, 4S, 5S, 1 ' S) -5- { (IV l-dimethyl-r2- (benzyloxycarbonyl- 
i m glycyloj^) ethoxycarbonyi) araino-4-hydr63cy-N- ( 1 • -isopropyl-l • - 
• 30 q: imida20l-2-yl) methyl-6-phenyl-2-phenylmethyl-hexanamide 
. ■hydrochloride--salt;.>i'S!': ' y/- v-i- .Y ;x ■ --j •.. ' 

(2R, 4S, 5S, 1 • S) -5- ( (1, l-dimethyl-2-glycyloxy) ethoxycarbonyl) - 

- amino-4-hydroxy.-NT (1 ^risopropyl-1 •-imida2ol-2-yl) methyl-6- 
. phenyl-2-phenylmethylrhexanamidedihydrochloridesalt; 
35 (2R, 4S, 5S, 1 • S) rrS- (:(l-acetyl) amino-4 -hydroxy-N- (1 '.-isopropyl- 
• l'-imidazol-2^yl)methyl-6-ph nyl-2-phenylmethylhexanamide; 
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(2R, AS,5Sr 1 • S) -5- (t-butoxycarbonyl) aitdJi6-4-hydroxy-^ (1 
; i :f i : isoprbpyl-l ' imiciazdl-2-yI) metKyl-6-plienyX-2- (;4-a) 
benzyloxyphenylmethyl) hexanamide; . c-bhTu^/:^: 

'(2R; 4S, 5Sr 1 ' S) -5- (t-butoi^cafbonyl) siminchif^ 
5 isopropyl-1 • imidazol— 2-yiymethyr-6*phenyI-^2^ ^ 
hydroxyphenylmetibyl) bexanaml de; U : .:^arQcr>a,i i^^i p^a. a< 
( 2R/ 4S / 5S ) -5" (t-butoxycarbonyl) amin6-4rbydr6xy-2- ^ ; 
. phenylmet:byl-6-phenyl-N-[lV-cycloprdpyl-l.'-imidazol-2- 
yllmethyl-hexanamide; x^l : .;j:r.^:^:; J 'M y^a: ' 

10 (2R, 4S, 5S, 11 S) -5- { (IsopropyltJxiol) ca rboriy 1 )>ramino-4-liy droxy- 
2 -phenylmetAy 1- 6-pbenyl-N- 1 1-isopropyl-l r-indLdazolr 2- 
yllmethyl-hexanamide; \m\.:(^^ ::oa 

: (2R, 4S , 5S, 1 • S) -5- [3- (lH-imida2olr2-yl) ^3-hydroxyr4-:, 

methylpentylamido] — 4-hydroxy-N- (1 • -isopropyl— 1 * -imidazol-2-- 
15 yl ) methyl- 6-phenyl-2-phenylmethyl-liiexanamide;i ; r :4 i 

(2R, 4S, 5S, 1 'S) rS- [ (4-ittethox3^henoxy) ceurbonyl] amino-4-hydroxy- 
N- ( 1 ' -isopropyl-1 ' -ijnida20l-2-yl) metJiyi-6^ 
..- .phenylmethyl-bexanamide w^m**^ -^ix^n ^m ' ' lo , :?ix 

2R, 4S, 5S, 1 'S) -5- (t~butylamirioc€ud3onyl) ainlrio^4-^ (1 
20 ! isopropyl-1 '-intLdarol—2-yl)inethyl-6'^^henylmeti 

(2Rr 4S, 5S, 1 'S) -5- (metbylaaninocarboiiylj -amiino-4-^^ 
isopropyl-1 • -iirddazol-2-yl)methyl-6-phenylmethyl-^^ 
(2Rr 4S, 5S/ 1 • S) -5-pbenylandjtiocarbpnyl),cunino-4-hydro3^ (1 ' - 
isopropyl-1 * -imidazol— 2-yl) methyl-6;7phenylmetiyl-hexa2iiide ; 
25 (2R, 4S, 5Sr 1 ' S).-5-N- (propylaminocMbonyl) amijiq^^ 
. ; (1* -isopropyl-1 •-iiiddazol-2-yl)methyl-6-phe^ 

hexamide; , - . i^- v-.--.:.'£;:^.^.^r • ^i^/ 5^ui(X" 

(2R, 4S, 5S, 1 • S) -5- (n-propylaminotbiono) amihb-4-hydroxy-N- 
( 1 • isopropyl-1 ' -iinidazol-2-yl) methyl- 6-phenylinethyl-hexaiiiide ; 
30 2Rr 4Sr 5S, 1 ' S) -5- ( is opropylaroinocarbonyl)r amino- 4-hydroxy-N- 
( 1 • -isopropyl-1 * -imida20l-2-yl) methyl-6-phenylmethyl- 
hexaxtiide; ' s i'.^/\:r:^:^-- >- , } - { a ' " \ ^^^^ ^ *; ^ >is: } 

(2R, 4S, 5S/l*S)-5- (aminoc£ai>pnyl)amino-4-hydroxy-N- (l'- 
isopropyl-i ' -iniidazoi-2-yi) methyl- 6-phenylmetAyl-hex ; 
35 (2R, 4S/ 5Sf 1 ' S) -5- ( 6-guinolinylmethyloxy-carbohyl) amino-4- 
x hydroxy-N- (l*-isopropyl-l'-imidazol-2-yl) methyl- 6- ' : 
phenylmethy 1-hexcmamide ; 
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(2R, 4S, 5S, 1 ! S) -5- (benzoyl) ainlno-4-hydroxy-N-- (1 ' -isopropyl-1 •- 
imldazol-2-yl)methyl-6-ph nylmethyl-hexanamide; 

(2R, 4S, 5S, 1 'S) -5- (2-furylcarbonyl) ainino-4-hydroxy-N- (1 
' ,^isopropylrri;.Tlnd^zplr2r^^ 

a- 5 h (2Rf 4S, 5S,il '.SX-Sr (4-metho3cybenzoyl) amixio-4-hydroxy-N- (1 ' - 
- V-imidazol-2-yl)xnethyl-6-pheny:Unethyl-^ 
( 2R, 4S, 5S, 1 • S) -5-benzylcarbonyl) amino-4-liydroxy-N- (1 • - 
■;-'..isopropyl-l!-ijidclazol-2-yl)met^^^ 
■ ;.d(2R, 4S, 5S, 1 * S) ^5- (4-liydroxybenzoyl) ainino-4-hydroxy-N- ( 1" ' - 
10 isopropyl-1 • -iniidazol-2-yl) methyl-e-phenylmethyl-hexanamide; 

(2R, 4S,.5S, 1 ' S) -5- (cinnamoyl) ainino-4-hydroxy-N- (1 '-isopropyl- 
ij a: . 1 t.jjaijja2ol-2-yl) methyl-6-phenylmet^ 

(2R, 4S , SS, 1 » S) -5- (2-hydro3^benz6yl) aniino-4-hydiroxy-N- { 1 • - 
A isopropyl-1 V-linidazol-2-yl) methyl-6-phenylmethyl-hexanainide ; 
11 15 c ? (2R, 4S/5S, 1 • S) -5-;(imidazoyl-4-yl-acetyl) ainino-4-hydroxy-N- 
■ o (1 •-isppropyl-1 •-iinida2ol-2-yl) niethyl-6-phenylmetbyl- 

hexanamide; . -. ;,u.- (:.;■ ,.• i ....... " " 

(2R, 4S,5S, 1 *S) -5- (t-butoxycarbonyl)amino-4-hydro:^-N- [1 •- 
^vM:isopTOpyl-l^-(4rcarbometlloxyethylimidazol-2-yl) ]methyl-6- 
20 phenyl-2-phenylinethyl-hexanamlde; :' :: . r 

(2R, 4S, 5S,1 *S) -Srr ( t-butpxycarbonyl) amino-4-hydroxy-N- [1 •- 
isopropyl-1 « - (4-carboxaiiiidoiialda2ol-2-yl) ] methyl-e-phenyl-i- 
phenylmethyl-hexanamlde ; 

(2R, 4S, SS, 1 • S) -2-phenyliiiethyl-4-bydro3^-5- (5- (1-oxopropyl) -2- 
25 thlazolyl) ainlno);^.6-plienyl-N- (1 '-isoprppyl-l (imidazo-2- 
yl) ) methyl-hexaneunide; 

(2R, 4S, 5S, 1 'S) -2-phenylmethyl-4-hydroxy-5- (5- (1-oxopropyl) -2- 

thiazolyDamino) -6-phenyl-N- (I'-isopropyl-l •- (iniidazo-2- 

br-: '■yl);)nie'thyl-hexah£unide;-v'. :t/:--^^ - 

30io i (2R, 4S, 5S,1 ',S).-r2-phenylmethyl-4-hydroxy-5- (5-propyl-2- 
thiazolyDamino) -6-phenyl-N- (1 • -isopropyl-1 '- (iniidazo-2- 
yl))ntethyl-hexanamide; and .v.t .iI bra:-. < .= o.." ■ 
(2R, 4S, 5S, 1 ' S) -5- (nicotinyl) aniino-4-hydroxy-N- (1 •-isopropyl- 
l • -iinidazol-2-yl) metiiyl-6-phenylmethyl-hexaniide . 

35 \,.f 

11. A compound according to claim 1 which is (2R, 4S, 5S, 1 -S)- . 
5- (t-butoxycarbonyl) amino-4-hydroxy-N- [1 • -isopropyl-1 •- (4- 
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. isopropylceu:bonyliinidazol-2-yl) ]methyl-6-phenylrr2r^L,.^ 
phenylmetiiyl-hexanainide' -"-^ -"-^^^^^^^ ■ bJ -U: 

12. A con?>ound accordi^g^to^.claiJa^l-wllich^.is (2R,4S,5S,l'S)- 
' 5 2-phenylmethyl-4-hydroxy-5-(t:-butoxycarb6nyl)-amJji076-p 
■ N- (1 '-isopropyl-1 ' - {lin±dazo-2-yl) ) metfiyl-hexanandLde . 

ij :13. A pharinaceutical con^iositioni conqprisirig-:^^ 

• ■ ; according to Claim 1 and akplieranaceuticdlly^'acceptable 

kXO carrier. • : - -.^fi . ^i^^ ' i '--^ -.0 -.^^^U^x ^ 'y^ -X;^-- " ; ^ : ' 

1 4 . A pharmaceutical formulation . con5>ri s ing a compound 
. according to Claim 1 and an .oil> ^) -2~»v ; ' .^^^) 

15 15 . A method of treating disease states :associated with HIV 
- infection comprising admihisteiriiig: m^^^ of; a 

coxxpound according to Claim 1. ^ -v^u 

16. The use of a compound according to v'Claimvlt^inr.t^ 
20 manufacture of a medicament ;^^'n-X'^:^f-^ "t- : . . 



17. A compound of the formula: 



■ \ ly^hm -m^ y^^- i4^\ - ' 

wherein Pr^ is an amino protectijig/ group/* and R'^'r*; R®' and R^' 
are as defined in Claim . 1 with any ^reactive* groups :^protected• 



\ ... 



30 18. A conqpotind of formula: *' . . ... L . -. . i' v 

#R4 



wherein : 
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Rl and R3 are ach independently Ci-gallcyl, 
ArrCi_ galkylv H t-Ci-ealJcyl, , Ca-ealkenyl, Ar-C2-6aDcenyl, 
2et-C2_6alkenyl,: C3-6cycloalkylrCi_6alkyl or 
C3_6cycloalkenyl-C.i_6aUcyl;;.. - . 

. ^ .R2;;ls.;H;.or,.OH;.-.. . , . ,■ . 



R4 Is Rg-NH-, or — "-NH Rg- 
R5 is Rg-NH- or Rio-NH; ' ' 

-<nT 

Rg is Rfl , i :.c 

. wherein: 
" X is NRii^ »0,. or S, .. . ; 

.- _ viV- 5lRii-ti«; H;ori Cii;3^^ 

Raiand Rg aredeach indei)endently H, OH, halo, acyl, 

X is NH, Or or S; • ' ' 
Km-: Y-is a;vfused 02-4 alkylene, aryl or heteroaryl 
, .. . moiety;-^- ■'■ -i.;.. - - '- 

R7 is Ci«galkyl, Ar-Ci_galkylv Het-Ci«galkyl, 
20 C2-6alkenyl, Ar-C2-galkenyl, Het-C2_galkenyl, 

'C3«gcycIoalkyl-Ci-g alkyl or C3«gcycloalkenyl-Ci_galkyl; 
a K RlO is a moiety;rA-(B)n-,: where n = 0 or 1; and B is, 
independently, an a-amino acid chosen from the groxjp: Ala, 
Asn, Cys, Trp, Gly, Gin, lie. Leu, Met, Phe, Pro, Ser, Thr, 
25 Tyr, Val> iHis; or itrifliioroalanine, wherein the amino group 
' of B^is bonded tO'A aiid the carboxy group of B is bonded to 
the . structure; , ' 

A isi covalently.-attached to the amino group of the 
adjacent residue B or to-the amino group of the structure if 

.30>v. n-.- = 0 -andiis':"- * . • ' . ' 

1) .trityl, -i ■ ' ■ ^ ■ 

2) hydrogen, 

' '4) Ri4-C0-wherein R14 is:'" 
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•a)* ^ hydrogen/" . r; hn i p. 

Ci-6alkyl,?.unsubstit:iited- ori^ s with 

one or more hyd^^oxyX groupsV^chl^^^ atoms, 
or fluorine^atoms, ^n:*'- 

c) phenyl or naphthyl unstibstitut:ed or 

substituted with one or more substituents R15 
wheredLn .Ri5 is: ^a,.. . ,. ,/f 

i) Ci-4alkyl, ' S'^-'^^ , 

ii) halogen, where v:h£aogen is F, CI, Br or 

iii) hydroxyl, ' ■ 

iv) nitro, :-^fH -rw- 

v) Cx-3cLLkoxy, or V:; wl v ox 

vi) .-CO-N(Ri6)2 . wherein: R16 is, 
independently, ,H or Ci-4alkyl; or 

d) a 5-7 member heterocycle- such as pyridyl, 

furyl, or beriiisoxazolyl; 
phthaloyl wherein ^the ar<^ma€ic''ring is 
unsubstituted or substituted .with one or more 
substituents R15;,.,, ^ 

1R17 (RI8R19C) EttfCO- where^ m A=ii-3 a^ 
and Ri9 are independently: ^. 

-a) hydrogrien,V^- J--^V^^^ ^ i:^^^!.^'^^)' w- '^^ 
l b) . , chlorine orfifluorine>' ,^:^.;.vi)/. -f ; =Vf^^^::> 0 . 
j c) :, Ci-3alkyl £unsubstituted^rbt siabstitxited with 
one or more /chlorine or *f luorine a.toms or 
.hydroxyl. groups, ■ iuj; • n.:^ J:if.:ai 

d) . . hydroxyl,,' ^1^, ^ --.^qV; ,^0 -.r^Di:. 

e) phenyl-.or. naphthyl unsubstituted or/ v n 
substituted^ with One orrfmore^subistituents R15, 

f) Ci-3alkoxy, / 

g) . a 5-7 member heterocycie,D or,. 

h) Rl7r RI8/ . and Ri9 may .be; independently joined 
to form a monocylic, bicyclic, ..or tricycle 
ring system each ring of which} is C3-6 
cycloalkyl; yt^^.o::-.:rit^ {>. ' 

Rl7CRl8Rl9C)m-W- wherein =m «. 1-3 and W is OCO or 
SO2 and Ri7i:- Rl8f and R19. arenas defined above,. 
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except RrirRiB^'and^^ are'Sa^ chlorine; 'fluorine 

• • or : ; 

^:^^^^,^0:^^. n.«nber;^eterocycle such 

as pyridyl, furyl, or benzisoxazolyl; , , '■ 

. . 9) .?21-W- wherein, R21. is phenyl . or naphthyl ! 
" uiisubstituted^W-s^^ 
subsituents R15; 

:iO)r Rl7- (Ri8Ri9C)^P (b) (ORil)^ ^^e^^li R22 is Ci-4 
alkyl or phenyl; - 
11) 0) (C«22)-;. or 

J°^. ^ acceptable salt thereof ; ' J 
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